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Choptvr  1 

METHOD  OF  ECONOMIC  ANALYSIS 

VcNying  viawpolnh  •xht  concamlng  th«  utility  of  bon«flt*«oct  onolyib  for 
wotf  rotourcM  invwimont  docisions. ^ Evon  among  thoto  who  ogroo  thot  such 
onolysit  It  uioful«  thoro  oro  many  controvoriioi  over  tho  dotoils  of  Iho  analysis 
fho  rata  of  intorast,  tho  length  of  planning  period^  the  price  level/  and  to  on. 

This  chapter  does  not  enter  Into  controversial  issues  and  discussions/  but  it  con* 
lolre  simply  on  enumeration  and  a dhemtion/  where  necessary/  of  the  anumptiont 
urad  in  the  ecorromlc  evaluation  ond  analytes  of  olternotive  water  resources  tytlomt 
in  the  Meramec  Basin.  The  position  adopted  in  the  investigations  of  the  Meramec 
Bosh  Research  Project  it  that  benefit*cost  attalytis  is  useful  in  otsessing  the 
economic  worth  of  wafer  resources  systems . To  adopt  this  position  it  not  fo  main* 
lain  that  economic  criteria  are  the  only  ones  by  which  such  investment  decisierw 
should  be  mode. 

Economic  onalysb  of  wafer  rosoureet  systems  can  be  mode  on  one  or  more 
of  three  levels.  The  first  it  the  loco!  level/  i.e./  the  immediate  oree  of  a pro* 
posed  reservoir.  The  second  it  the  regiosMl  level . A region  may  be  an  entire 
river  basin  or  tome  areal  unit  larger  than  the  river  basin.  The  third  it  the  rwtionol 
level  whioh  encompastet  the  entire  notiorMi  economy.  Benefits  oMocioted  with 
woter  resources  systems  on  one  level  may  not  be  considered  benefits  on  another 
level . For  example/  from  the  stoiKlpoint  of  o regional  economy  the  benefits  which 
ore  generally  ternied  'Wertdory''  or  "stemming  from"  may  well  be  significant. 
However/  from  the  standpoint  of  the  tMtioiMl  economy/  such  benefits  ora  IBcely 
la  be  negligible  or  insignificant/  because  they  merely  represent  economic  resouroes 
diverted  from  one  oreo  of  the  netionol  economy  to  another  area.  To  put  it  another 
way/  K such  resources  hod  rrot  been  allocated  to  processing  products  stemming  from 
woPor  rasourees  systems  In  the  particular  region  under  Investigotion/  they  srauld 
hove  been  devoted  to  other  productive  enterprises  elsewhere  in  the  oeuntiy/  oseuei* 
big  o full  employment  economy. 


Econcwic  Amnwptioni  ond  Procedural  Ufd  in  B€n«fit-Co«»  ^nolyw 

For  tho  oconotnic  evoluotton  of  proposod  altomativa  wotor  resourcM  tystoms 
in  Iho  Anoromec  Bosin,  Iho  ouumpfions,  criteria,  ond  procedures  described  in  the 
following  pages  were  adopted.  Differences  of  opinion  may  edst  with  respect  to 
the  desirability  and/or  validity  of  some  of  the  assumptions.  Setting  forth  the 
assumptions  specifically  mokes  possible  their  opproisol. 

1.  All  benefits  were  evaluated  from  a notional  level . Because  portions  of 
the  hieramec  Basin  hove  been  desigiMted  os  "depressed  areas",  one  might  argue 
that  the  viewpoint  to  be  adopted  in  the  economic  analysis  should  be  that  of  the 
regionol  level . However,  adopting  the  regional  level  us  the  basis  for  economic 
evaluation  implicitly  assumes  that  redistribution  of  income  to  the  particular  region 
is  an  objective.  A decision  to  make  areal  redistribution  of  income  on  objective 
of  water  resources  development  should  be  mode  only  after  an  evaliKition  of 
notional  purposes  and  goals.  Such  an  evaluation  was  not  attempted  by  this 
project.^ 

2.  Because  of  sizable  unesrtointios  involved  in  the  prediction  of  future  eco- 
nomic and  technological  cortditions,  and  because  of  the  low  value  placed  upon 
benefits  which  accrue  in  the  distant  future  due  to  the  discounting  procedure  used, 
use  of  o period  greater  than  50  years  was  not  considered  advisable  — even 
though  the  physical  life  of  some  of  the  focilities  may  be  longer  than  50  years. 

In  foet,  because  of  the  uncertainties  involved  — especially  economic  — one 
might  argue  that  a planning  period  shorter  than  50  years  might  well  be  desirable 
in  cortsidering  investment  in  water  resources  development. 

3.  The  choice  of  a beginning  point  for  the  50-year  planning  period  con 
moleriolly  influeiKe  the  calculated  benefits..  Ideally,  it  should  coincide  with  the 
construction  of  the  structures  needed  to  derive  the  postulated  benefits.  Use  of  the 
yeor  1961  is  r>ot  wholly  realistic,  since  no  construction  will  be  underway,  and 
none  of  the  benefits  will  accrue  ot  thot  time.  However,  the  use  of  a later  be- 
gimirtg  point  extends  the  period  of  onolysb  further  into  on  already  dim  and 
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dittont  future.  Therefore^  the  yeor  1961  wo*  generally  used  at  the  beginning  of 
the  planning  period.  However,  in  computations  in  which  the  beginning  point 
criticol  to  the  benefit  estimation,  benefits  were  caiculated  using  several 
different  time  periods  and  the  results  of  each  set  forth  to  show  the  range  of  bene* 
fits  possible  under  different  assumptions. 

4.  The  economic  criterion  by  which  alternative  woter  resources  systems 
were  compared  was  net  benefits,  i.e.,  benefits  minus  costs.  Benefit-cost  ratios 

I were  calculated  also. 

5.  In  applying  the  not  benefits  criterion,  total  system  benefits  were  com- 
pared with  total  system  costs.  Benefits  related  to  each  unit  in  the  system  were 
not  computed.  Because  It  is  the  totol  water  resources  system  which  provides  the 
benefits,  any  allocation  of  benefits  to  individual  units  in  the  system  is  to  seme 
extent  arbitrary . 

6.  Because  o dollars  worth  of  benefits  at  some  time  In  the  future  is  not 
volued  by  society  os  highly  as  o dollars  worth  of  benefits  at  the  present  time,  the 
time  stream  of  benefits  was  discounted  to  obtain  the  present  value  of  the  benefits. 
Similarly,  the  time  stream  of  operation,  maintenance,  and  replacement  (OM&R) 
costs  was  discounted  to  obtain  the  present  value  of  these  costs.  The  present  value 
of  the  OM&R  costs  wos  subtracted  from  the  present  value  of  the  benefits.  The 
difference  wot  then  compered  with  the  total  first  capital  costs. 

Thb  procedure  should  not  be  corwtrued  as  implying  that  the  accuracy  and 
precision  of  the  benefit  estimates  ore  such  that  benefits  in  each  year  in  a future 
50-yeer  period  con  be  identified  and  accurately  estimated.  However,  using  o 
time  stream  of  benefits  and  a corresponding  time  stream  of  costs  is  a consistent 
procedure  in  terms  of  economic  analysis,  and,  in  fact,  does  represent  the  oetuol 
manner  in  which  benefits  will  be  obtained  and  costs  will  be  incurred  over  time. 
The  use  of  multiple  time  streams  of  benefits  ond  costs  stemming  from  multiple  se- 
quences of  hydrology  mitigates,  at  least  somewhat,  any  odious  implications  of 
precise  values  of  benefits  for  any  one  year. 


( 
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7.  Interest  rates  of  2.5%  and  4%  were  used  to  discount  future  benefits  ond 

costs  throughout  the  period  of  analysis.  As  with  the  level  of  employment,  the 

difficulty  of  predictirtg  variations  in  the  interest  rate  over  o 50-yeor  period  seems 

insurmountable.  The  former  rate  is  the  long-term  risk-free  rote  which  has  been 

used  by  the  federal  agencies  for  some  time.  The  latter  rate  is  one  whi^h  has  been 
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suggested  by  at  least  one  knowledgeable  economist  in  the  water  resources  field. 

This  rate  is  perhaps  closer  to  a true  measure  of  both  the  social  time  preference  of 
society  and  of  the  alternative  opportunity  costs  foregone,  than  are  interest  rotos 
either  higher  or  lower.  As  mentioned  above,  the  "proper”  interest  rote  to  use  in 
discountiirg  future  benefits  and  costs  is  one  of  the  major  controversies  in  the  water 
resources  field.  One  point  which  should  be  noted  here  is  that  the  low  rote  of 
inter«t,  2.5%,  has  the  effect  of  redistributing  income  from  the  notioTKil  economy 
to  the  particular  regional  area  in  which  the  water  resources  development  is  under- 
taken.^ 

8.  A full  employment  economy  was  anumed  to  exist  throughout  the  time 
period  of  analysis.  Therefore  market  prices  (or  imputed  market  prices)  con  be  pre- 
sumed to  reflect  accurately  the  cost  of  the  resources  involved  in  the  water  re- 
sources systems  under  investigation.  The  alternative  is  to  attempt  to  predict  the 
basically  unpredictable  variations  in  employment  level  over  time,  i.e.,  the  50- 
yeor  plonnirtg  period. 

9.  The  price  level  was  assumed  to  remain  constant  throughout  the  50-yeor 
period  of  arwiysis.  As  for  employment  levels  arxl  interest  rates,  predicting  varia- 
tions in  price  levels  over  time  seems  virtually  impossible.  All  benefits  otkI  costs 
were  detennined  in  December  1959  dollars. 

10.  Ideally,  incremental  artalysis  should  be  applied  in  the  analysis  of  olter- 
. 5 

native  water  resources  systems . Each  increment  of  a proposed  water  resources 
system  should  be  onolyzed  separately  to  insure  that  the  costs  of  adding  the  incre- 
ment ore  less  than  or  equal  to  the  benefits  to  be  goirted  from  that  increment. 
However,  tfane  and  data  limitations  permitted  only  rudimentary  incrementol  analysis 
to  be  applied  to  vorious  water  resources  systems  proposed  for  the  ivieramec  Basin. 
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Thb  onalytit  indicatad  daeraoting  laturm  for  providing  "eomplala''  prolaetion. 

Tha  raeommandatiora  of  tha  /Viaramac  B«in  RaMorch  Projact  lharafora  eovar  only  tfta 
fint  phoM  of  davalopmant.  Addilionol  maoiuras  conlamplafad  in  tha  futuro 
should  ba  ra-avoiuotad  in  light  of  axparianca  goinad  in  tha  first  phosa. 

1 1 . Cost  allocation,  whara  oppliad,  was  dona  by  tha  saporobla  eotls 
ramainii>g  banafits  mathod  and  was  oppliad  only  to  tha  total  systom.  No  attempt 
was  moda  to  allocate  costs  among  units  within  lha  system.  Such  ailoeotion  in- 
avitobly  must  ba  arbitrary  to  soma  axtant,  bacouta  tha  barwfits  from  e wotar 
rasourcas  system  ora  producad  by  lha  total  system 

Outputs  and  Benefits  from  Water  Resources  Systems 

Water  rasourcas  systems  con  produce  various  outputs,  os  h illustrotad  in 
Figure  1 . Tha  specific  outputs,  such  os  flood  damage  reduction  and  power, 
relevant  to  wotar  rasourcas  systems  in  tha  ^mramac  Basin,  and  tha  monetary  bona* 
fih  associotad  therewith,  ora  noted  anchor  discussed  in  tha  following  pages.  In 
tha  discussion  the  phrase,  "altarnetiva  water  rasourcas  systems”,  refers  to  pro*- 
posed  systems.  No  such  systom  is  presently  in  axistenca  in  tha  hiaramac  Basin. 

Flood  donsoga  reduction  within  tha  ii^aromac  Bosin 

Banafits  from  reducing  flood  damage  within  tha  Maramac  Basin  ware  omlysad 
using  flood  domoga-diseharga  relationships  dovaiopad  for  vorious  river  reaches  in 
lha  basin.  Cato i Is  are  contained  in  Chapter  2 of  this  volume.  In  tha  analysis  of 
any  one  water  resources  systom,  flood  domaga  reduction  barwfits  in  domoga  oraas 
common  to  oil  reservoirs  ware  ottributad  to  tha  total  system  rather  than  to  it>di* 
vidual  rasarvoira  in  the  system . 

Flood  domoga  reduction  in  tha  middle  ond  lower  Mississippi  River 

Orw  of  tha  outputs  which  reservoirs  in  tha  (Vtaromac  Basin  could  produce 
is  flood  donsoga  reduction  on  lha  middle  and  lower  Mhshsippi  River.  Flood 
domoge  reduction  in  thasa  raochas  of  tha  htississippi  River  has  bean  onalyzad  ^ 

in  lha  Mississippi  River  Reservoir  Barwfit  Sludy.^  However,  os  indicated  in  an  | 

I 
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appendix,  flood  domoge  reduction  benefits  on  the  fviississippi  River  ottributoble 
to  A^teramec  Bosin  reservoirs  hove  been  overestimoted.  In  addition,  because 
floods  on  the  /Vtississippi  River  ore  generally  of  long  duration,  it  would  be  neces- 
sary Id  hold  water  in  ivteramec  Basin  reservoirs  for  long  periods  of  time.  Such 
long  holdout  periods  might  have  negative  effects  on  some  outputs  within  the 
rVieromec  Basin,  such  os  recreation.  Since  recreation  is  of  major  importance  in 
the  ^>eramec  Basin,  operation  studies  of  proposed  alternative  water  resources 
systems  in  the  basin  did  not  include  specific  operation  to  reduce  flood  damage  on 
the  middle  and  lower  Ariississippi  River. 

Even  without  operating  Wieromec  Basin  reservoirs  specifically  for  flood 
damage  reduction  on  the  /Vtississippi  River,  some  incidental  benefits  from  this 
source  would  accrue  to  the  reservoirs  in  the  course  of  operating  the  reservoirs  to 
reduce  flood  damage  within  the  iv.eramec  Basin  itself.  In  evaluating  alternative 
water  resources  systems,  it  was  assumed  that  any  reduction  in  outflow  from  the 
iVieromec  River  down  to  27,000  cfi  at  the  gaging  station,  iVieromec  River  near 
Eureka,  would  be  credited  with  flood  damage  reduction  benefits  on  the  iViississippi 
River,  if  a Mississippi  River  flood  occurred  during  the  same  time  period.  A unit 
value  of  $1 .00  per  cfs  reduced  was  assumed  to  be  the  benefit,  based  on  analyses 
in  the  previously  mentioned  A/«iuissippi  River  (Reservoir  Benefit  Study.  This  unit 
value  was  assumed  to  be  the  some  regardless  of  the  magnitude  of  the  Mississippi 
River  flood  and  the  time  of  year. 

Also  as  indicated  in  the  appendix  on  Mississippi  River  floods,  hieramec 
River  floods  do  not  always  coincide  with  Mississippi  River  floods.  Based  on  the 
historical  record,  a A/iississippi  River  flood  coincides  with  a I'vieromec  River  flood 
one  out  of  two  times  on  the  average.  To  determine  which  of  the  floods  in  the 
Aneramec  Basin  coincide  with  a Aiississippi  River  flood,  a set  of  random  numbers 
was  used.  For  each  flood  month  in  the  Meromec  Basin,  a random  number  was 
drown  which  indicated  whether  or  rxst  a /Vtississippi  River  flood  occurred  simul- 
taneously. If  flows  at  Eureka  were  reduced  when  floods  coincided,  benefits  were 
attrRsuted  to  Meromec  Basin  reservoirs  for  reducing  floods  on  the  A/iississippi  River. 


Novigotion 

Another  output  which  could  be  produced  by  reservoirs  in  the  Meromec  Basin 
is  improvement  of  navigation  conditiom  in  the  middle  and  lower  Artississippi  River. 
Releases  from  fvteromec  Basin  reservoirs  during  periods  of  low  flow  on  the  /Viississippi 
River  could  improve  rravigation  conditions/  particularly  in  the  reach  between  the 
mouth  of  the  Nieromec  River  and  Cairo.  However,  as  indicated  in  the  navigation 
appendix,  low  flow  benefits  on  the  middle  and  lower  /Viississippi  River  have  been 
overestimated . 

in  addition  there  are  possible  intrabosin  disbenefits  stemming  from  utiliza- 
tion of  reservoirs  in  the  ^teramec  Basin  for  navigation  on  the  Mississippi  River. 
Regardless  of  whether  releases  for  navigation  on  the  iviississippi  River  are  begun 
in  late  summer,  early  fall,  late  fall,  or  early  winter,  if  the  total  amount  of 
water  released  is  several  hundred  thousand  acre  feet,  the  reservoirs  in  the  Arteromec 
Basin  are  not  likely  to  refill  to  the  normal  recreation  pool  level  by  June  1 when  the 
primary  recreation  season  in  the  Arieramec  Basin  begins.  Even  with  smaller  re- 
leases for  navigation,  there  will  be  times  when  the  reservoir  level  does  not 
regain  the  recreation  pool  by  the  beginnirtg  of  the  recreation  season.  In  the 

Q 

hypothetical  operating  studies  made  by  the  Corps  of  Ertgineers,  there  were  4 
years  out  of  18  in  which  the  reservoirs  did  not  regoin  the  desired  recreation  level 
by  June  1 . 

In  addition,  if  a change  should  occur  in  the  manner  of  operating  the  main 

stem  reservoirs  on  the  Missouri  River,  i.e.,  more  water  were  released  than  at 

9 

present  during  the  winter  season  in  order  to  produce  power,  less  water  would  be 
needed  from  tributary  reservoirs  to  firm  up  low  flows  on  the  K.ississippi  River  during 
the  winter  season,  in  any  cose,  operation  of  tributary  reservoirs,  such  os  those 
proposed  in  ^e  /vteromec  Bosin,  to  produce  benefits  on  the  ^•ississippi  River 
should  be  considered  in  relation  to  potential  disbenefits  — such  as  to  recrea- 
tion — within  the  tributary  basins. 

For  these  reasons,  operation  studies  of  proposed  reservoirs  in  the  Aneromec 
Basin  did  not  include  operation  in  the  interest  of  navigation  on  the  AAissiuippi  River. 
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No  crodit  wot  tokon  for  whatever  incidental  benefiti  to  navigation  might  be 
obtained  by  releases  from  Meromec  Basin  reservoirs. 

With  respect  to  navigation  within  the  Meromec  Basin  itself,  there  appears 
to  be  no  need  either  for  canalization  of  the  lower  Mieramec  River  and/or  for 
making  releases  to  augment  low  flows  jn  the  Mmramec  River  for  navigation.  As 
iiKlicated  in  the  appendix  on  the  St.  Louis  industrial  land  situation,  there  is 
odequate  land  in  the  St.  Louis  Metropolitan  Area  for  all  foreseeoble  irtdustrial 
needs.  Nilond^^  notes  that  there  is  no  lock  of  river  sites  in  the  St.  Louis  ivietro> 
poiitan  Area  and  that  the  growth  rate  for  the  woter*oriented  ii^ustries  in  the  oreo 
Is  relotively  slow.  Therefore,  neither  canalization  of  the  lower  Aneromec  River, 
nor  operation  of  proposed  hieramec  reservoirs  to  provide  navigation  on  the  Meromec 
River  were  considered. 

Woter  supply  benefits 

It  is  estimated  that  only  in  the  lower  Artaramec  Basin  will  there  be  any  future 
need  for  odditionol  woter  to  meet  municipal  and  industrial  requirements.  Water 
supply  benefits  which  could  be  met  by  releases  from  reservoirs  in  the  ^leromec 
Bosin  will  accrue  only  from  meetirtg  the  woter  requirements  in  that  area.  The 
detailed  analysis  of  water  supply  benefits  attributable  to  the  reservoirs  is  con- 
tained in  Chapter  3. 

Fisheries 

Improvement  in  fish  habitat  within  the  Meromec  Basin  would  probably  be 
accomplished  by  releases  from  reservoirs.  No  benefits  were  credited  to  water 
resources  systems  because  of  this  output.  It  is  difficult  to  determine  dollar  bene- 
fits associated  with  the  improvement  In  fish  habitat.  Sii>ce  fishii^  In  the  Meromec 
Basin  b primarily  a recreational  activity,  benefits  from  improvement  in  fish  habi- 
tat were  ossumed  to  be  included  in  recreotion  benefib. 

Recreation 

There  h little  doubt  that  there  h a demand  for  water-based  recreation 
% 

facilities  in  the  area  within  ond  odfocent  to  the  Meromec  Bosin,  particularly  In 
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the  growing  St.  Louis  Metropolitan  Area,  os  indicated  by  studies  of  reservoir  recre- 
ation  by  both  the  ivleramec  Basin  Research  Project  and  the  Outdoor  Recreation 
Resources  Review  Commission.  ^ ^ The  difficulty  lies  not  in  determining  that  there 
is  a demand  for  water-based  recreation  facilities  in  the  St.  Louis  Aietropolitan 
Area,  but  in  evaluating  the  berrefits  from  providing  such  recreation  opportunities. 

In  estimating  benefits  from  providing  recreation  opportunities  at  reservoirs 
in  the  iVieramec  Basin,  a somewhat  arbitrary  figure  of  $.60  per  visitor-doy  was 
used.  The  figure  does  have  some  basis  in  reality,  however,  siiKe  it  approximates 
the  Consumer's  surplus  derived  from  providing  a nearer  reservoir  (in  terms  of  travel 
and  time  savings).  [See  Chapter  5.] 

Population  in  the  area  to  be  served  by  a ^teramec  reservoir  is  expected  to 
double  by  the  year  2000.  Because  of  simultaneous  increases  in  income,  leisure, 
and  mobility,  the  predicted  use  in  the  year  2000  is  four  times  as  great  as  the  pre- 
dicted use  for  the  year  1960.  A development  period  of  ten  years  after  the  construc- 
tion of  reservoirs  was  assumed  before  recreation  use  reached  the  predicted  levels. 

In  order  to  obtain  the  number  of  visitor-days  and  the  magnitude  of  benefits 
estimated,  it  must  be  assumed  that  adequate  recreation  facilities  will  be  provided, 
fiowever,  the  calculations  of  cortsumer  surplus  are  based  on  limited  public  recreation 
facilities).  These  would  include  a wide  variety  of  facilities  — boat  docks,  boot 
launchktg  areas,  campgrounds,  picnic  areas,  swimming  beaches,  and  so  on.  Rec- 
reation focilities  would  presumably  be  provided  by  both  the  public  and  the  private 
sectors  of  the  economy . 

The  assumed  development  period  reflects  the  fact  that  there  is  often  a log 
in  privote  expenditures  for  various  focilities  such  as  motels,  concessions  of  various 

ond  restau.or.is,  after  recreation  water  surfbces  become  available  through 
public  irtvestment.  It  shoulc!  not  be  assumed  that  the  required  private  capital  will 
immediotaly  flew  Into  on  areo  follcwing  the  public  investment.  Generally, 
crftemotive  investment  opportunities  will  exist  for  private  copital.  The  development 
period  in  the  A.eramec  Basin  might  weil  be  longer  than  ten  years,  in  terms  of  the 
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time  rvquirad  for  faciliHoi  to  be  developed  which  would  meet  the  demand  repre- 
sented by  the  level  of  visitor-doys  posited. 

The  costs  of  recreation  facilities  at  various  reservoirs  were  obtained  from 
cost  estimates  contained  in  the  previous  Corps  of  Engineers'  study,  and  from  other 
sources.  A considerable  sum  was  set  aside  for  purchase  of  land  around  the  reser- 
voirs, os  well  os  for  the  copitol  costs  of  recreation  facilities.  The  capital  costs 
were  included  os  part  of  the  initial  investment.  Annual  OM&R  costs  wore 
assumed  to  increose  in  the  some  manner  as  the  increase  in  recreational  use. 

It  should  be  noted  that  the  problem  of  estimating  recreation  benefits  in 

monetary  terms  has  not  been  solved  by  the  iVieromec  Basin  Research  Project.  It 
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should  also  be  noted  that  there  b o question  of  spillover  effects.  That  b.  It 
appears  impossible  to  separate  the  recreation  bersefib  stemming  from  public  invest- 
ment ortd  those  stemming  from  private  investment  at  a single  reservoir.  It  is  the 
total  pockoge  uf  facilities  which  attracb  the  total  moss  of  vbitors  and  results  in 
the  benefits. 

Power 

The  potential  for  production  of  hydropower  in  the  Nieramec  Basin  b relatively 
13 

small . The  FPC  has  estimated  a total  potential  of  30, 000  kw  at  three  sites  in 
the  bosin.  The  heed  and  the  amount  of  water  available  are  insufficient  to  protiuce 
significont  omounb  of  fimt  power.  Production  of  the  maximum  amount  of  firm 
power  possible  would  require  relatively  large  reservoir  drawdowns,  thereby  decreas- 
ing the  desbobiiity  of  the  reservoirs  for  recreation.  If  large  quantities  of  peaking 
power  were  to  be  produced  at  reservoirs  in  the  basin,  large  variations  In  flow  rotes 
downstream  from  the  reservoirs  would  result.  To  preclude  lorge  fluctuations  in 
flow  rates  with  peaking  operatiorts,  reregulotirsg  structures  would  be  necessary. 

With  the  relatively  small  amount  of  peaking  power  available  even  on  the  bmb 
of  a 10%-15%  load  foctor.  It  does  rrot  seem  likely  thot  the  volue  of  the  peaking 
power  could  cover  the  additional  costs  of  rereguloting  structures.  Brriiuse  produc- 
tion of  either  firm  or  peeking  power  in  o conventionoi  hydroplont  did  not  oppeor 
to  be  ecorKsnieolly  justified  — corwidering  dbbenefits  to  other  purposes,  primarily 
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recraation  — no  investigation  was  mode  of  potential  power  production  ot  upstream 
reservoir  sites  in  the  ivteramec  Basin. 

However,  in  the  investigation  of  a major  reservoir  on  the  lower  A^ieramec 

lUver  just  downstream  from  the  confluence  of  the  Big  and  ivieramec  rivers,  it  was 
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suggested  that  it  would  be  economically  feasible  to  produce  a small  amount  of 
power  if  it  were  assumed  that  a constant  flow  of  1,000  ch  were  desired  downstream 
from  the  reservoir.  Since  the  corwluits  which  would  be  installed  through  the  dam 
to  moke  releases  for  other  purposes,  i.e.,  maintenance  of  a constant  flow  of  1,000 
cfi  downstream  from  the  reservoir,  would  already  be  in  exbtenee,  the  additionol 
investment  for  the  power  facilities  would  be  relatively  small  in  relation  to  the 
potential  return.  Other  than  for  this  alternative,  no  power  production  was  pro- 
posed in  any  of  the  altemotive  water  resources  systems  investigoted. 

Another  possible  method  of  power  production  which  has  received  itKreasing 
attention  in  recent  years  is  that  of  pumped-storoge.  Generally  for  economical 
pumped-storage  power  development,  either  a high  head  or  a lorge  omount  of  water 
is  desirable.  Neither  of  these  cortditions  seems  to  be  met  in  the  /Vteramec  Basin. 
However,  no  detailed  investigation  of  pumped-storage  possibilities  was  mode.  It 
is  pomible  that  if  pumped-storoge  power  developments  were  orwlyzed  on  an  in- 
cremental basis,  i.e.,  charging  rra  reservoir  costs  against  the  power  facilities. 


that  such  power  development  might  be  economically  feasible.  In  favorable  circum- 
stances it  might  even  contribute  something  to  reservoir  corwtruction  costs  and  thus 
moke  the  whole  project  more  feasible. 

There  appears  ta  be  little  question  that  any  power  which  could  be  economi- 
cally produced  at  reservoirs  in  the  Aneramec  Basin  could  be  marketed.  The  Meramec 
Basin  is  located  close  ta  the  major  lood  center  in  the  region  — St.Louh  Metropoli- 
tan Area  — and  is  crossed  by  or  is  adjacent  to  existing  major  transmission  lines. 
(See  Figure  2) 

Wotar  quolity  improvement 

Because  of  the  relative  sparseness  of  population  ortd  irKkistry  in  the  hteramec 
Basin,  water  quality  is  a significant  problem  in  only  one  section  of  the  b.sin.  In 
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iIm  le«v«r  hmianmc  River  dowratreom  from  Pocifk,  significant  quontitios  of  both 
untiootod  ifKkntrial  «voite  and  raw  lowogo  ora  dbehorgod  into  the  river.  At  the 
concentration  of  popuiotion  hot  grown  in  the  lower  A^ieramec  Botin/  the  extent  of 
dhehorge  of  untreated  wottet  into  the  river  hot  irtcreorad/  and  the  tonitary  quolity 
of  the  water  in  the  lower  Anetomec  River  hat  worterraci . 

Only  in  the  lower  Nmramec  Botin  ora  significant  amounts  of  withdrawals 
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mode  from  surface  water  for  municipai  arxl  industriai  use.  Therefore  it  wot 
hypothesized  thot  dollar  benefits  might  occrae  from  a reduction  in  water  treatment 
costs  in  this  area.  This  cost  reduction  could  theoretically  be  accomplithed  by 
making  releases  from  reservoirs  to  improve  woter  quality  in  the  river. 

Therefore  on  attempt  wot  made  first,  to  relate  water  quality  variables  to 
discharge, and  second,  to  relate  water  quality  variables  to  chemical  treatment 
costs.  The  results  were  irtconclusive.  No  more  than  about  40%  of  the  voriorKe 
in  the  dependent  variable,  i.e.,  chemical  tieotment  costs,  could  be  explained 
by  the  variations  in  the  so-called  independent  variables,  i.e.,  the  water  quality 
indices. Consequently,  no  monetary  benefits  were  claimed  for  any  alternative 
water  resources  system  in  the  Kmromec  Basin  from  improving  woter  quality  in  the 
basin.'® 

Conclusion 


This  chapter  has  indicoted  the  assumptions  orxl  procedures  used  in  the 
economic  evaluation  of  alternative  woter  resources  systems  in  the  hieramec  Basin, 
and  the  nolvra  of  the  benefits  associated  with  specific  outputs  from  such  systems. 
Subsequent  chapters  will  deal  with  specific  outputs  — flood  damage  reduction, 
muiicipal  ottd  industrfal  water  supply,  and  recreation. 
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Chapter  ? 

FLOOD  DAMAGE  DEDUCTION 

Summary 

Flood  damage  is  the  result  of  human  use  of  flood  plains  for  various  activities  — 
residential,  commercial,  industrial,  recreational.  These  damages  can  be  reduced  by 
any  of  a number  of  methods,  or  some  combination  of  them . Ueducing  flood  damage 
involves  more  than  controlling  flood  waters. 

Floods  in  the  Meramec  are  not  a major  problem,  when  compared  to  many 
other  parts  of  the  United  States.  The  flood  plains  in  most  of  the  Meramec  Basin  are 
not  highly  developed  at  the  present  time.  Only  in  the  lower  reaches,  the  area  near 
St.  Louis,  is  the  flood  plain  intensively  utilized.  The  benefits  which  might  accrue 
from  flood  protection  in  the  Mieramec  is  partly  dependent  upon  the  demand  for  flood- 
plain land.  Because  of  the  requirement  of  industry  for  level  land,  the  amount  of  this 
land  available  in  the  St.  Louis  area  is  thought  by  some  to  be  critical.  However,  an 
analysis  of  the  demand  for  and  supply  of  industrial  land  made  by  the  Meramec  Basin' 

Kesearch  Project  resulted  in  the  conclusion  that  there  is  adequate  available  land  for 
industrial  use  in  the  St.  Louis  Metropolitan  Area  to  meet  all  demands  for  such  land  in 
the  foreseeable  future.  However,  if  the  Mteramec  flood  plain  were  protected,  part  of 
it  would  probably  be  used  for  industry.  Additional  acreage  would  probably  be  developed 
for  residential  and  commercial  use. 

Recommended  measures  to  reduce  flood  damage  in  the  Meramec  include  flood 
plain  zoning,  building  regulations,  and  improvement  of  the  flood  warning  system, 
in  addition  to  reservoir  protection.  (A  workable  flood  insurance  program  would  also 
be  useful,  and  land  treatment  measures  would  be  of  some  value.) 

Methods  of  Achieving  Flood  Damage  Reduction 

I 

Introduction 

The  need  for  flood  damage  reduction  in  the  Meramec  Basin  exists  because,  as 
elsewhere,  man  has  established  his  activities  in  the  natural  stream  channels  which 
sooner  or  later  will  be  required  to  carry  streamflows.  Floods  have  occurred  since  time 
immemorial . Human  activities  may  change  stream  channels  somewhat  or  modify 
soil -vegetation  relationships  on  watersheds,  but  man  is  not  the  cause  of  floods. 
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Flood  damage,  however,  is  a result  of  man's  activities.  The  flood  plain  of  a river 
is  a normal  part  of  its  channel  (used  only  during  times  of  high  water,  but  certain  to 
be  used  eventually).  Thus,  whenever  a river  overflows  its  banks  and  inundates  a 
flood  plain  which  man  hus  occupied  for  residential,  business,  industrial,  recreatiofKjl, 
or  oHib.  u»es,  flood  damage  results.  The  problem  of  reducing  flood  damages  can  be 
accomplished  by  various  measures  or  combinations  of  measures.  The  more  important 
of  these  measures  are  listed  below.  Not  all  of  these  are  applicable  to  the  Meramec 
Basin. 

Relocation 

An  obvious  means  for  eliminating  flood  damage  is  to  relocate  facilities  which 
are  in  a flood  plain  to  areas  outside  of  the  flood  plain.  This  is  not  likely  to  be  ecortomi- 
colly  feasible  in  many  cases.  But  it  does  have  potential  utility  in  some  areas,  such  as 
where  summer  camps  and  resorts,  for  example,  have  been  located  in  the  flood  plain 
and  are  subject  to  frequent  inundation. 

Flood  plain  zoning 

Flood  plains  or  portions  thereof  which  are  subject  to  frequent  iruindation  can  be 
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zoned  to  prevent  utilization  which  will  result  in  large  damages  when  floods  occur.'  This 
does  not  mean  of  course  that  all  use  will  be  eliminated  from  the  flood  plain.  Rather, 
zoning  provides  for  the  establishment  of  uses  which  will  be  compatible  with  the  potential 
flood  hazard  and  will  minimize  flood  damages.  Some  examples  are  grazing  land,  parks, 
and  some  types  of  playgrounds . 

Building  regulotions 

Building  regulations  can  be  established  which  require  that  construction  of 
buildings  in  the  flood  plain  must  meet  certain  standards  which  are  adopted  to  minimize 
damage  from  flood  waters.  Particular  kinds  of  construction  materials  and  building 
designs  may  be  banned,  and/or  certain  protective  devices  such  os  flood  gates,  bulk- 
heads, and  the  like  may  be  required.  Buildings  mayhnot'be  pemnitted  to  hove  bosements. 
Along  the  Meramec,  numerous  club  houses  built  on  stilts  (essentially  houses  without  a 
first  floor)  provide  an  excellent  example  of  this  kind  of  structural  adjustment  to  some  floods. 
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A r*lot«d  maosurc  is  to  •lovoto  Iho  lond  obovo  lh«  lavol  of  flood  woters  by  land  fill. 
Giro  must  b«  tokon  in  land  fill  to  ovoid  nc— ivo  cohstriction  of  the  stream  channel . 

Channel  encroachment  restrictions 

Regulatiom  con  be  enocted  to  preclude  the  building  of  structures  which  would 
encroach  on  the  channel  of  the  river  and  thereby  restrict  unduly  the  capacity  of  the 
channel  to  carry  flood  flows . 


Flood  worning  systems 

In  recent  years,  techniques  for  forecasting  flood  flows  have  increased  in 
accuracy  and  utility.  Wherever  flood  forecasting  has  been  developed,  flood  warning 
systems  can  be  established  which  will  notify  flood  plain  occupants  when  flooding  is 
imminent.  This  will  enable  them  to  remove  property  above  the  flood  level,  remove 
goods  outside  of  the  flood  plain,  reschedule  operations,  move  mochinery  and  equipment, 
and  the  like.  All  these  things  will  reduce  the  damages  which  would  otherwise  accrue 
from  flooding. 

Chonnel  improvement 

Straightening  of  a stream  channel,  elimination  of  debrb,  stobilizing  bonks, 
ond  similar  measures  ere  sometimes  practical  in  order  to  increase  the  carrying  capacity 
of  a *iver  channel  and  so  reduce  the  height  of  flood  flows. 

floodwoys 

If  oreos  ore  available,  as  along  the  middle  Mississippi  and  the  lower  Sacramento 
rivea,  floodwoys  eon  be  established  to  corry  flows  which  ore  in  excess  of  the  capocity 
of  the  river  channels.  Such  floodwoys  often  con  be  used  port  of  the  time  for  non-intensive 
uses  such  os  grazing.  Only  rarely  does  an  area  hove  topography  suited  to  the  construction 
of  such  floodwoys . 

teveet  ond  floodwolls 

Levees  and  floodwolls  can  be  constructed  in  order  to  confine  flood  flows  within 
certain  limits.  However  there  is  often  a limit  to  the  height  to  which  such  shvcturas 
con  be  built.  Since  the  poMibiiity  always  existi  that  a flood  higher  than  any  which  has 
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occurred  in  recorded  history  may  some  day  take  place/  levees  and  floodwalls  may  be 
overtopped.  When  overtopped,  the  result  is  likely  to  be  very  large  flood  damages, 
os  occurred  in  the  Kansas  City  area  in  the  flood  of  1951,  since  the  construction  of 
levees  and  floodwalls  generally  leads  to  more  intensive  development  in  the  flood 
plains  behind  them. 

Reservoirs 

Reservoirs  of  various  sizes  can  be  constructed  to  withhold  flood  flows  and  so 
decrease  the  frequency  and  extent  of  flooding.  Small  reservoirs  ond  large  reservoirs 
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have  roles  to  play  in  reducing  flood  damages  in  a river  basin.  The  small  headwater 
reservoirs,  especially  in  conjunction  with  land  treatment  meosures,  gully  treatment, 
and  channel  improvement,  are  effective  in  reducing  flood  damages  in  the  local  areas 
and  river  reaches  immediately  below  these  reservoirs.  However,  they  are  of  little 
help  in  reducing  flood  damages  in  the  lower  portions  of  a basin  many  miles  downstream, 
especially  for  medium  and  high  flood  flows.  At  the  same  time,  large  reservoirs  farther 
downstream  can  contribute  nothing  to  reducing  flood  damages  in  the  headwater  areas 
above  these  reservoirs.  Generally  there  is  little  overlap  between  the  two  types  of 
programs  — that  is,  each  program  is  effective  in  its  own  area.  Both  con  be  integral 
parts  of  an  efficient  program  of  flood  damage  reduction  in  a river  basin. 

land  treatment 

Land  treatment  measures  such  as  reforestation,  contour  plowing,  establishment 
of  grass  waterways,  and  similar  measures  can  contribute  to  reduction  of  flood  damages 
in  localized  areasf  What  these  techniques  do  is  to  increase  the  infiltration  capacity 
of  the  watershed  and  so  reduce  the  amount  of  surface  runoff  from  any  given  storm . 
However,  it  should  be  remembered  that  even  with  the  best  "vegetative"  cover  there 
is  a limited  infiltration  capacity,  which  is  often  exceeded  in  high  intensity  rain  stonns. 
Further,  the  soil  mantle  is  o "reservoir"  which,  like  a man*miade  reservoir,  has  a total 
finite  capocity  for  the  retention  of  water.  A typical  clay-loam  soil  three  feet  deep 
might  hold  between  four  and  five  inches  of  water.  Once  the  capacity  of  the  soil  mantle 
is  exceeded,  there  is  no  other  place  for  the  water  to  go  but  to  run  off  as  surface  flow . 
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The  land  treotmont  measures  are  most  effective  in  storms  of  low  inteiHity  and  low 
total  precipitation  --  say  less  than  two  to  three  inches. 

Flood  insuronce 

While  flood  insurance  is  rx»t  a means  for  directly  reducing  flood  damages 
os  such,  it  is  a means  by  which  the  losses  from  flood  demage  may  be  spread  over  time. 

It  is  similar,  for  example,  to  crop  insurance  against  hail  and  wind.  The  mo jor  problem 
with  insurance  is  devising  a way  of  making  the  premiums  proportiorKil  to  the  risk. 
Determining  the  flood  risk  involves  hydrologic  and  topographic  studies  of  the  stream 
otkI  floodplain,  and  usually  results  in  flood  frequency  maps  which  graphically  show 
the  flood  risk  for  different  sections  of  the  flood  plain.  (Similar  maps  should  be  pro- 
vided for  efficient  flood  plain  zoning  and  the  like.) 

Flood  Problems  in  the  Meromec  Basin 

In  artalyzing  a particular  proposal  for  flood  damage  reduction  (a  proposal  for 
some  combination  of  the  previously  discussed  measures)  benefits  attributable  to  the 
combination  or  system  are  the  difference  between  flood  damages  which  would  occur 
in  the  absence  of  the  system  and  the  damages  which  would  occur  with  the  system  in 
operation;  plus  the  benefits,  if  any,  from  change  in  land  use  with  the  system  in  operation. 
Agoinst  these  benefits  must  be  arrayed  the  costs  required  to  achieve  the  benefits  — 
capital,  operating,  and  mainterrance  costs  of  reservoirs,  levees,  lend  treatment  pro- 
grams, and  the  rest.  If  the  benefits  are  sufficiently  more  than  the  cost,  the  system 
is  considered  to  be  economically  justified.  The  problem  of  flood  damage  reduction 
requires  consideration  of  the  need  for  flood-free  land  at  specific  locations  ond  at 
various  times  in  the  future.  Precise  estimates  of  future  land  use  and  related  flood 
domages  is  difficult;  the  demand  for  flood  plain  land  is  affected  by  (I)  changes  in 
the  demand  for  and  supply  of  land,  both  within  the  immediate  flood  plain  and  in 
other  areas  in  the  region,  ond  (2)  the  various  measures  odopted  to  reduce  flood  damage. 

Present  land  use  po Herns  in  the  flood  plain 

The  flood  plain  in  the  Meramec  Basin  is  rtot  highly  developed  at  the  present 
time.  As  indicoted  in  Tabie  I,  only  in  the  lower  portion  of  the  basin,  in  St.  Louis 
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PRESENT  LAND  USE  IN  MERAMEC  BASIN  FLOOD  PLAIN” 


River  Reach 

Intensive 

Use” 

Good  Fair 

Agriculture  Agriculture 

Poor 

Agriculture 
or  Vacant 

Total 

Meromec  River,  mouth 
to  Pacific 
St.  Louis  County 

1,767 

7,850® 

1 

4,524 

14,141 

Jefferson  County, 
eostside 

491 

985 

151 

1,215 

2,842 

Jefferson  County, 
westside 

88 

1,030 

270 

1,336 

2,724 

Meromec  River, 
mi  .49.0  to  mi  .64.8 

58 

2,015 

478 

1,820 

4,371 

Meromec  River, 
mi .64.8  to  mi.  107. 5 

137 

3,009 

1,213 

4,620 

8,979 

Meromec  River, 
mi . 107.5  to  mi  .143.0 

120 

1,443 

939 

4,198 

6,700 

Bourbeuse  River, 
mouth  to  mi . 32 .2 

88 

1,865 

871 

2,832 

5,656 

Bourbeuse  River, 
mi  .32.2  to  mi  .^.4 

13 

3,672 

1,319 

4,753 

9,757 

Bourbeuse  River, 
mi .90.4  to  mi.  131.0 

11 

3,386 

841 

3,576 

7,814 

Big  River, 
mouth  to  mi. 22.6 

285 

3,529 

1,131 

1,739 

6,684 

Big  River, 

mi.22.6tomi.61.2 

81 

3,682 

673 

2,797 

7,233 

Big  River, 

mi .61 .2  to  mi.  113.0 

52 

1,701 

609 

3,251 

5,613 

Totols 

3,191 

26,317*  . 

42,662^ 

8,495* 

36,661 

82,514 

o Cempiled  from  cwriol  photograph  except  where  noted, 
b Indintriol , eommerciol , retidenHal , etc . 

c Cempiled  from  St.  Louis  County  Plonning  Commiuion  Land  Um  Mops  and 
from  St.  Louis  County  Plonning  Conenission,  "Statistical  /braiysis  of  the 
Mifmeec  River  Flood  Plain  in  St.  Louis  County,  Missouri",  Processed, 
January,  I960. 

d Sum  of  gisod  ond  fair  elomifieotions. 

o feoludlng  St.  Louis  County.  f Including  St.  Louis  County. 
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and  northern  Jefferson  counties^  are  there  any  significant  concentratiorts  of  in- 
tensive development.  In  the  remainder  of  the  basin,  the  flood  plains  are  utilized 
primarily  for  agriculture.  There  are  scattered  residential  orwl  recreational  uses, 
sand  and  gravel  operations,  and  secortdary  and  tertiary  roods  in  the  flood  plains. 
However,  except  for  the  areo  within  Metropoliton  St.  Louis,  the  principal  population 
concentratiom  in  the  basin  are  located  on  ridges  or  uplands,  generally  far  outside 
the  flood  plairM.  The  major  highways,  such  os  U.S.50  and  U.S.  66  (Interstote  44) 
and  the  railroads  are  likewise  located  along  the  ridges,  except  in  the  lower  portion 
of  the  basin,  from  about  Pacific  downstreom  to  the  mouth  of  the  Meramec  River. 

In  this  latter  area,  however,  both  the  railroads  and  the  major  highways  are  elevoted, 
so  as  to  minimize  damage  even  from  a flood  os  large  os  the  maximum  flood  of  record. 
The  general  nature  of  present  flood  plain  occupancy  in  most  of  the  Meramec  Bosin 
is  shown  in  the  maps  at  the  end  of  this  chapter. 

Present  lond  volues  in  the  flood  ploin 

Since  flooding  of  land  presumably  has  some  effect  on  the  value  of  the  land, 
ottempts  were  mode  to  deteimme  the  present  value  of  flood*plain  lands  and  ta  see 
if  there  were  measurable  differences  between  the  value  of  land  in  the  flood  ploin 
and  the  value  of  land  adjacent  to,  but  ouHide  of  the  flood  ploin.  Two  Wivestigotions 
were  urtdertoken:  (I)  a determiiwtion  of  the  average  volue  per  ocre  for  dHfdrent 
types  of  land  use  bosed  on  octuol  land  and  building  soles  in  the  St.  Louis  County 
portion  of  the  Meramec  River  flood  plain;  ortd  (2)  on  invontory,  by  means  of  ooriol 
photographs,  of  the  different  types  of  land  use  foursd  in  seloetod  roaches  of  the 
flood  plains  in  the  Meramec  Basin.  As  detailed  lond  use  end  lond  soles  ddto  woro 
avoiloble  for  that  portion  of  the  flood  ploin  in  St.  Loub  County,  this  oroo  was  mod 
as  a guide  for  working  out  fanduse  -landvolue  relotionships  in  other  portiom  of  the 
flood  plain. 

It  was  found  thot  obout  14,000  acres  of  land  ore  in  the  Meromee  flood  plain 
in  St.  Louis  County.  The  volue  of  the  lond  and  structures  (based  on  saporeto 
calculations  for  incorporated  and  unincorporated  areas,  raodi,  railraodb,  and 
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utilities  — os  explained  in  Appendix  A at  the  end  of  this  chopter)  was  found  to 
be  approximately  $23,800/000.  A check  was  mode  using  a mere  detoiled  lond-use 
breakdown  and  overage  values  for  different  lor>d  usee.  The  volue  of  land  ond 
structures  in  the  St.  Louis  County  portion  of  the  AAeromec  flood  ploki  was  colculotod 
by  this  method  to  be  $23,600,000.  An  odditionol  cheek  on  the  volidily  of  the  above 
estimate  b provided  by  the  St . Louis  County  Plonning  Commission^  who  estimate 
the  value  of  flood'^loin  lond  artd  structures  to  be  about  $20,000,000. 

Based  on  the  results  of  these  ormlyses,  odjusimenh  were  mode  to  orrive  at  the 
land  values  alorte  (without  structures),  and  estimates  were  compiled  for  other 
reaches  of  the  major  streams  of  the  lower  Meromec  Basin . These  are  shown  in  Table  2 . 

Because  of  the  paucity  of  the  available  data,  it  was  fanpossMe  to  moke  any 
significant  comparison  of  the  value  of  land  subject  to  periodic  flooding  and  the  volue 
of  adjacent  land  not  subject  to  floodbtg. 

Future  lond  use  pottems  in  the  flood  ploin 

Since  almost  all  of  the  existing  urban  and  intensive  land  use  in  the  Metomec 
Basin,  except  in  the  St.  Louis  Metropolitan  Area,  is  locotod  outside  of  the  flood 
plain,  little  development  is  expected  in  the  flood  plains  in  the  future.  Expansion 
of  existing  population  concentrations  in  the  basin  could  toko  ploce  virtually  in> 
definitely  without  encroaching  upon  the  flood  plains.  Only  in  that  portion  of  the 
basin  within  the  expanding  metropolitan  oreo  is  there  o potential  demand  for  sig~ 
nificontly  increased  use  of  the  Meromec  River  flood  ploin. 

As  the  St.  Loub  Metropolitan  Areo  grows,  land  uses  typicol  of  urbonised  oreos, 
residential  and  commerciol  primorily,  spreod  into  the  surrounding  countryside, 
bitemity  of  land  use  within  the  metropolitan  area  varies  with  distance  from  the  city 
center.  The  forther  owoy  from  the  city  the  less  intensive  is  the  land  use.  This  is 
illustrated  in  Figure  1 . 

The  flood  plain  of  the  Meromec  River  lies  othwort  the  spreading  srave  of 
urboniMtion  in  the  St.  Loub  Metropolitan  Areo.  (See  fronthpiece  map.)  Along 
the  major  rodiol  highways  in  porfieulor,  residentlai  ond  commercial  development 
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I960  LAND  USE  AND  LAND  VALUE  IN  THE  MERAAAEC  <IVER  aOOD  PLAIN 


Land  Um  Cotagory  Numbor  Volu*  Volua 

of  Aerot  (dollar  per  oero)  (dollars) 


Maronwc  River  •-  Mouth  to  Pacific,  Jefferson  County,  East  Side 

Irttensive  use 

491 

S 1,500 

$737,000 

Good  ogriculture 

965 

200 

197,000 

Fair  agriculture 

151 

125 

19,000 

Poor  agriculture  or  vacant 

1,215 

SO 

61,000 

Tot jl  for  reo  *h  . . . 

TTO 

“ 

l,OI4,U30 

Merawec  River  Mouth  to  Pacific 

, Jefferson  County,  \^Ost  Side 

Intensive  use 

88 

1,000 

88,000 

Good  agriculture 

1,030 

200 

206,000 

Fair  agriculture 

270 

125 

34,000 

Poor  agriculture  or  vacant 

1,336 

50 

67,000 

Total  for  reach  . . . 

2,724 

395,1WB"' 

Meromec  River  — Poeific  to  Mouth  of  lourheuie  River 

58 

1,000 

58,000 

Good  agriculture 

2,015 

200 

403,000 

Fair  agriculture 

478 

125 

60,000 

Pmt  agriculture  or  vacant 

1,820 

50 

91,000 

Total  for  reoch  . . . 

4,37V 

— 

612,dft) 

Moroowc  River  Mouth  of  lourbi 

Mse  River  to  Mile  107.5 

bOensive  me 

137 

500 

69,000 

Good  agriculture 

3,009 

200 

602,000 

Foir  agriculture 

1,213 

125 

152,000 

Hmt  agriculture  or  voeont 

4,620 

50 

231.000 

Total  for  reach  . . . 

TWV 

mm 

l,M4,d66” 

loorbouse  River  ~ Mouth  to  Mile  32.2 

88 

500 

44,000 

Good  agriculture 

1,865 

200 

373,000 

Fair  agriculture 

871 

125 

109,000 

Poor  agriculture  or  vacant 

2,832 

50 

142,000 

Total  for  roach  ... 

TOT — 

— 

wpjtxr 

MgRIvor  — Mouth  to  Mile  22.6 

Intensive  use 

285 

750 

214,000 

Good  ogrlcultuta 

3,529 

200 

706,000 

Fair  ogriculturo 

1,131 

125 

141,000 

Poor  ogriculluro  or  vocont 

1,739 

50 

87,000 

Total  for  roach  . . . 

TOT 

— 

1,l4l,nn 

i 
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RELATION  BETWEEN  DISTANCE  FROM  ST.  LOUIS  AND  USE  OF  FLOOD  PLAIN 


DISTANCE  FROM  ST. LOUIS 
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has  occurred.  Because  of  periodic  flooding  in  the  flood  plain,  the  intensity  of 
development  U lets  than  in  immediately  odjocent  areas,  as  shown  in  Figures 
2 and  3 which  depict  variations  in  residential  density  with  distance  from  the  city 
and  the  river,^ 

/ 

As  the  St.  Louis  A/tetropoiitan  Areo  grows,  the  demand  for  land  for  residential 
and  commercial  use  in  surrounding  areas,  including  the  Meromec  River  flood  plain, 
can  be  expected  to  increase.  However,  new  development  in  the  flood  plain  itself 
is  likely  to  be  small,  barring  any  measures  to  reduce  the  frequency  and  magnitude 
of  flooding.  Furthermore,  there  are  many  alternative  sites  outside  the  flood  plain 
suitoble  for  residential  and  commercial  development.  The  alternative  sites  apparently 
have  no  locational  disadvantages,  other  than  distance  from  the  city  in  the  case  of 
some  sites,  that  would  warrant  protecting  the  flood  plain  of  the  Meromec  River 
solely  to  provide  land  for  residential  and  commercial  development.  However,  the 
nearer  portions  of  the  Meromec  flood  plain  undoubtedly  would  be  put  to  more  in- 
tomive  ui#  if  flooding  were  obated.  Nevertheless,  the  presence  of  relatively  close 
sites  elsewhere,  means  that  Meromec  land  is  not  essential  for  proper  urban  development 
and  might  irtdeed  serve  general  urban  development  policies  better  if  left  in  a green 
belt  for  recreation  and  other  purposes. 

Future  demond  for  irsdostriol  IotkI 

In  oseeMing  whether  or  not  land  in  the  flood  plain  of  the  lower  Meromec  River 
is  needed  for  industrial  expatssion  in  the  St.  Louis  Metropolitan  Area  in  the  future, 
on  artolytis  is  necessary  of  both  the  demand  for  and  supply  of  land  for  industrial  use. 

An  orwlysis  of  the  demand  for  irsdustriai  lor>d  and  on  intensive  investigation  of 
ovoilobie  industrial  sites  were  mode.  The  studies  and  the  results  are  contained  in 

g 

full  in  on  appertdix.  In  essence,  the  conclusion  was  that  there  is  adequate  available 
land  for  industrial  use  in  the  St.  Louis  Metropoliton  Area  to  meet  all  demarKk  for 
such  lend  in  the  foreseeable  future,  certainly  to  1980  and  probably  considerably 
beyond  thot  dote  (see  Rgure  4). 
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This  does  not  mean  that  there  would  be  no  benefits  to  industry  in  the  event 
flooding  were  abated.  Industry  might,  indeed,  occupy  some  of  the  present  flood 
plain  in  the  event  it  were  no  longer  flooded.  It  is  therefore  necessary  to  explore 
the  probabilities  of  industrial  development  in  the  Meramec  River  flood  plain  in  the 
event  flooding  were  reduced  or  prevented. 

Only  the  lower  portion  of  the  Meramec  River,  i.e.,  that  portion  In  proximity 
to  the  built-up  area  of  metropolitan  St.  Louis,  has  any  likelihood  for  industrial 
occupancy.  Even  here  the  locations  suitable  for  industry  are  very  limited.  The 
only  areas  where  industry  is  located  in,  or  close  to,  the  Meramec  River  flood  plain 
are  at  the  north  side  of  the  confluence  of  the  Meramec  and  Mississippi  rivers,  ar)d 
in  the  vicinity  of  Valley  Park.  The  Union  Electric  plant  occupies  a portion  of  the 
former  area.  This  area  is  subject  iwlurally  to  flooding  from  Mississippi  River  back- 
water, and  therefore  could  not  be  made  available  for  industry  simply  by  reducing 
or  eliminating  Meramec  River  floods.  The  area  In  the  flood  plain  near  Valley  Park 
which  might  be  available  for  industry  amounts  to  about  1,000  acres.  However  500 
acres  of  good  industrial  land  located  outside  the  immediate  flood  plain  in  this  area 
are  stil  I unused . 

Since  periodic  flooding  precludes  the  extensive  use  of  the  above  two  areas 
In  the  Meramec  River  flood  plain  by  industry,  it  might  be  expected  that  the  Meramec 
River  flood  plain  os  a whole  would  not  appear  attractive  to  irKiustry  os  for  as  general 
preferences  are  concerned.  On  the  other  hand,  if  the  flood  plain  were 
o potential  location  for  industry,  it  theoretically  would  have  been  reflected  in  the 
responses  by  industries  to  the  question  concerning  preferrred  or  desired  locations. 
Actually,  the  vicinity  of  Lambert  Municipal  Airport  to  the  northwest  of  the  center 
of  St,  Louis  woi  the  first  choice  of  most  industries  desiring  to  relocate  In  the  metro- 
politan area.  The  Meramec  River  sector  was  mentioned  by  only  a few  firms.  Per- 
haps this  is  simply  because  It  is  little  known;  future  location  preferertces  might 
change  especially  if  and  when  oirport  land  is  exhausted. 

Based  on  do*a  about  factors  offacting  land  use  In  the  Meramec  Basin,  it  was 
coiKluded  that  only  in  that  portion  of  the  flood  plain  of  the  AAeromec  River  from 


Nature  of  flood  damage  reduction  benefits 


about  mile  14  to  about  mile  40>  would  any  significant  increase  in  development 

be  likely  to  occur  in  the  future.  Present  land  use  in  the  flood  plain  of  the  lower 

Meramec  River  is  shown  in  Mips  1 and  2 appended  to  the  end  of  this  chapter. 

The  increased  development  in  this  reach  was  estimated  to  be  primarily  residential 

and  commercial/  with  some  industrial . The  extent  of  increased  development 

in  this  reach  will  of  course  depend  on  the  degree  to  which  the  frequency  and 

magnitude  of  flooding  are  reduced  and  on  the  land  use  plans  adopted  by  St. 
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Louis  County.  But  even  without  measures  to  reduce  the  flood  hazard,  some 
development  is  likely  to  take  place  in  this  area,  because  of  the  growing  St.  Louis 
Metropolitan  Area. 

Benefits  from  Flood  Damage  Reduction  in  the  Meramec  Basin 


Basically  there  are  two  types  of  benefits  from  reduction  in  the  magnitude 
and  frequency  of  flooding.  The  first  includes  benefits  stemming  from  direct 
reduction  in  flood  damages  and  associated  costs.  The  second  includes  benefits 
stemming  from  increased  intensity  of  land  use,  and  hence  an  increase  in  land  value, 
made  possible  by  the  reduction  of  the  flood  hazard. 

The  first  type  of  benefit  includes  the  reduction  of  both  direct  losses  from 
flooding,  i .e.,  damage  stemming  from  direct  physical  contact  with  the  water, 
and  indirect  losses,  i.e.,  costs  associated  with  flooding  but  not  involving  direct 
physical  contact  with  water.  Direct  losses  accrue  to  residences;  commercial 
operatiorts;  industries;  public  facilities  <—  utilities,  roads,  parks,  water  and 
sewage  systems,  etc.;  and  agricultural  property.  Direct  losses  to  agriculture  in- 
clude crop  ond  livestock  losses,  damages  to  farm  buildings,  to  farm  equipment 
and  to  farm  land  itself,  and  replanting  costs.  Direct  losses  stem  from  the  depth 
and  duration  of  flooding,  the  velocity  of  the  water,  and  the  deposition  of  sediment 
carried  by  the  water. 

Indirect  losses  ipclude  the  costs  of  flood  fighting,  evacuation,  reoccupation; 
increased  costs  of  business  operations  during  and/or  after  the  flood  period;  and  loss 
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of  stock  to  businesses  and  industries  because  of  spoilage.  Indirect  losses  also  include 
the  net  economic  loss  of  goods  and  services  to  the  national  economy  resultiisg  from 
flooding  in  the  area.  Since  o notional  framework  for  the  economic  analysis  of  water 
resources  systems  in  the  Meromec  Basin  was  adopted,  the  losses  of  goods  and  services 
must  be  net,  i.e.,  actual  losses  not  recouped  later  in  either  the  area  where  flooding 
occurred  or  elsewhere  in  the  nation.  Given  the  degree  of  flexibility  and  substitutability 
in  the  national  economy,  little  net  loss  of  business  or  production  is  likely  to  occur 
rationally  from  flooding  in  a local  area  or  in  one  region. 

The  second  type  of  benefit  stems  from  the  higher  utilization  of  property  and 
is  measured  by  the  increased  net  earnings  of  the  land.  Waste  land  may  become  usoble 
for  agriculture;  agricultural  land  may  be  shifted  from  less  intensive  to  more  intensive 
farming;  form  land  may  become  usable  for  residential  or  irKkistrial  purposes.  However, 
as  noted  previously,  more  intensive  land  use  may  occur  in  on  area  over  time  whether 
flooding  is  reduced  or  not.  Historically-induced  changes  in  land  uses  and  land  values 
should  not  be  attributed  to  the  reduction  in  flooding  per  se. 

Present  flood  domoge-dbchorge  relationships 

In  order  to  determine  the  effects  of  various  alternative  water  resources  systems 
on  reducing  flood  damages  in  the  Meromec  Basin,  flood  damage-discharge  relationships 
were  developed  for  various  river  reaches  in  the  basin . Flood  damage  data  hod  been 
collected  by  the  Corps  of  Engineers  in  connection  with  the  Corp*  investigation  of  the 
Meromec  Basin  in  the  1940's.  The  Corps  data  related  to  land  uses  and  prices  in  1946. 
These  data  were  adjusted  for  changes  in  land  use  since  1946  and  for  the  elimination 
of  non-recurrit^  damages,  such  os  those  stemming  from  raised  highways  and  ktcreosed 
protection  of  railroad  embankments.  The  extensive  dots  on  lorxl  use  in  the  flood 
plains,  compiled  by  the  A4eramec  Basin  Research  Project,  were  utilized  in  modifying 
the  Corps  data.  Most  changes  in  the  interim  pariad  have  tended  to  reduce  flood 
damages,  but  some  — such  as  the  corotruction  of  new  homes  in  the  flood  ploin, 
have  tended  to  increose  damages  for  any  given  dbcharge,  in  comparison  with  1946 
conditioru. 
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The  wholesale  price  index  for  oil  commodities  was  used  in  changing  1946 
dollars  to  1959  dollars.  The  wholesale  price  index  in  1946  was  78.7,  in  December 
1959,  118.9." 

Thus  data  on  recurring  damages  under  essentially  present  — 1959  — con- 
ditions were  obtained.  Damages  were  divided  into  four  categories  where  applicable: 
(1)  agriculture,  subdivided  into  five  seasonal  periods;  (2)  property;  (3)  highways  and 
railroads;  and  (4)  gravel  workings.  Flood  damage-discharge  curves  were  developed 
for  the  following  reaches  of  the  Meramec  River  and  its  two  main  tributaries,  the 
Big  and  Bourbeuse  rivers. 


River 

Reach 

Gaging  Station 

Meramec 

lA 

(mile  0.0  - 

14.0) 

Eureka 

Meramec 

IB 

(mile  14.0  - 

37.8) 

Eureka 

Meramec 

2 

(mile  37.8  - 

63.4) 

Robertsville 

Meramec 

3 

(mile  63.4  - 

107.5) 

Sullivan 

Big 

1 

(mile  0.0  - 

22.6) 

Bymesviile 

Bourbeuse 

1 

(mile  0.0  - 

31.6) 

Union 

Figures  5 and  6 illustrate  the  nature  of  the  flood  damage-discharge  relationships. 

Similar  curves  were  developed  for  other  reaches,  and  these  were  used  to  calculote 
flood  damoges  over  a SO-year  period  using  synthetically  generated  hydrologic 
sequertces  of  flooding  os  well  as  the  historical  trace  (as  explained  later). 

Future  flood  damoge-discharge  reloticnships 

Because  increased  development  in  the  Meramec  Basin  outside  the  St.  Loub 
Metropolitan  Areo  b likely  to  occur  around  present  population  concentrations  ~ 
which  ore  located  on  ridges  ond  uplands,  and  because  the  expandirtg  St,  Loub 
Metropolitan  Areo  is  likely  to  hove  an  impoct  only  on  the  lower  portion  of  the 
Meramec  Basin  in  the  next  50  years  ~ in  temts  of  increosed  demand  for  land,  no 
changes  were  assumed  In  the  flood-damage  discharge  relationships  for  any  of  the 
reoches,  except  for  Reach  IB  (Fenton  to  Eureka)  of  the  Meramec  River.  Reach  1A, 
comprbing  the  section  of  the  Meramec  River  downstream  from  Fenton  to  the  mouth  of 
the  river,  b the  main  reach  affected  by  flooding  from  Mississippi  backwater.  Hence 
little  development  b ontieipated  in  this  area.  ' 

\ 
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FLOOD  DAMAGE  - DISCHARGE  RELATIONSHIPS,  PRESENT  CONDITIONS  ( I9SP) 
MERAMEC  RIVER,  REACH  2. (Mil*  37.8  - Mil*  63.4) 


DISCHARGE  @ ROBERTSVILLE  GAGE,  1000  eft 


DISCHARGE  @ ROBERTSVILLE  GAGE,  1000  cfi 
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Fulura  Flood  Domoge-Dischorpe  R«lotion$hip»»  R«och  IB 

Futuf  lond  us«  without  zoning  or  streoinflow  fgulotion 

For  Reach  IB,  changes  in  future  land  use  were  estimated  under  various 
assumed  conditions.  The  corresponding  flood  domage*^ischat9e  relationships 
(curves)  ore  shown  in  Figure  7,  along  with  the  present  relatiorohip.  No  changes 
in  damages  to  highways,  railroads,  gravel  operatiorts,  and  agricultural  damoges 
were  estimated  to  occur.  Since  the  Interstate  Highway  System  in  this  area  is  not 
likely  to  be  changed  over  the  50*year  planning  period,  and  since  the  railroads 
hove  raised  their  tracks  and  modified  their  embankments,  this  assumption  appears 
reasotxible.  With  respect  to  agricultural  damages,  even  if  demands  for  urban  land 
were  to  expand  greatly,  little  agricultural  acreage  would  be  lost  to  urban  uses. 
Hence,  given  the  likelihood  thot  the  pattern  of  farming  in  the  area  will  not  chartge 
much,  the  agricultural  damage-discharge  relatiorohips  were  assumed  to  remain 
the  same . 

For  sand  and  grovel  operations,  the  1959  flood  domoge-discharge  relation- 
ship would  oppear  to  be  as  valid  for  the  future  years  os  can  be  predicted.  Whether 
damages  will  increase  or  decrease  in  the  future  with  any  given  discharge  depends 
on  the  economics  of  the  gravel  industry  in  the  area  over  time,  the  amount  of  gravel 
available,  and  the  methods  of  working  the  deposits.  In  the  event  thot  future  gravel 
workings  lake  place  farther  bock  from  the  river,  damages  should  be  slightly  reduced. 
There  are  so  many  complicating  factors  in  estimating  cortditiom  over  the  50-yeor 
planning  period  that  the  present  flood  damage-discharge  relationship  was  assumed 
to  remain  valid. 

The  1980  and  2000  curves  assume  thot  there  will  be  little.  If  any,  itKreose 
in  the  density  of  ^eilitrgs  on  the  lower  elevotions  of  the  flood  ploin,  but  that 
considerable  new  development  will  occur  on  the  outer  margins  of  the  1915  flood 
plain,  especially  In  Jefferson  County  where  there  is  os  yet  no  land  use  zoning. 
Already,  a few  subdivisions  otkI  other  urban  uses  are  invading  the  flood  plain  in 
these  areos.  All  told,  It  is  believed  thot  about  20  acres  of  new  residential  ond 
commercial  land  will  be  found  in  the  outer  edges  of  the  flood  ploin  by  1980. 
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Assuming  o damage  of  approximately  $2,000  on  acre  for  such  land  (empirically 
derived),  about  $40,000  more  damages  to  property  at  a dischorge  of  175,000  efs 
(the  highest  recorded  flood,  1915)  would  occur  in  1980  then  in  1959.  The  rote 
of  urban  occupancy  of  the  flood  plain  is  expected  to  increase  somewhat  faster  between 
1980  and  2000  than  between  1959  artd  1980,  resulting  in  a further  irtcreose  in  damages 
for  the  2000  curve.  Club  house  damages  will  probably  remain  largely  unchanged  in 
the  future,  and  hence  the  lower  portions  of  the  1959  curve  remain  unaltered.  In  fact, 
it  might  be  argued  that  damages  to  club  houses  may  diminish  in  the  future  when  the 
economic  lives  of  such  structures  ore  ended,  and  as  new  alternatives  for  such  recreational 
use  ore  mode  ovoiloble  elsewhere. 

Flood  domoges  with  flood  plain  toning 

The  curves  labeled  "Zcnit^g  1980"  ar>d  "Zoning  2000"  ore  based  on  the  assump- 
tiorw  that  the  entire  flood  plain  in  this  reach  will  be  zoned  against  "unwise  use"  and 
that  flood  domoge-prone  stnictures  will  not  be  allowed  on  the  flood  plain.  These 
curves  are  based  on  the  further  assumption  that  the  nonconforming  uses,  such  os  resi- 
dential, which  currently  exist  will  gradually  be  eliminated  os  the  economic  lives  of 
the  present  facilities  expire.  By  2000  over  one-half  of  these  currently  nonconforming 
uses  should  be  eliminated.  Unfortunately,  the  type  of  flood  plain  occupant  suffering 
the  largest  unit  flood  damages,  i.e.,  industry,  will  probably  still  be  in  operation  even 
under  such  a flood  plain  zoning  plan . 

Flood  damoget  with  redevelopreent 

The  curve  labeled  "Redevelopment  and  Zoning"  is  based  on  the  ossumption  thot 
property  flood  domoges  in  Reoch  IB  could  be  abided  almost  entirely,  or  at  least  re- 
stricted to  domoges  of  the  mognitude  resulting  from  the  1947  flood,  by  actually  removing 
nonconforming  and  flood  domoge-prone  uses  from  the  flood  plain.  Of  course  club 
houses,  certain  institutional  uses  such  os  recreotion,  and  perhaps  some  industry  might 
reriMin  end  therefore  some  flood  damage  would  continue  to  occur. 
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Th«  co(h  of  such  a redevelopment  program  for  the  area  from  Fenton  to  Times 
Beach  ore  estimated  to  be  os  follows: 


Area  Number  of  Dwellings 

Redevelopment  Cost 

Fenton 

155 

$1,600,000 

Valley  Pork 

350 

6,000,000 

Times  Beach 

220 

1,700,000 

Eureka 

20 

200,000 

Relocation  costs 

— 

1,500,000 

11,000,000 

Minus  salvage  value 

-1,000,000 

Total  net  redevelopment  costs 

10,000,000 

This  estimate  does  not  include  utilities  or  industries.  Moreover,  only  those  areas  which 
receive  the  majority  of  flood  damages  ore  redeveloped  and  then  zoned  against  further 
intensive  use.  It  is  assumed,  however,  that  oil  remaining  ports  of  the  flood  plain  would 
be  adequately  zoned  to  prevent  excessive  damages  in  future  floods.  Damages  to  high- 
ways and  railroads  would  remain  essentially  the  some  under  this  program. 

Redevelopment  is  assumed  to  take  ten  years.  The  redevelopment  costs,  i.e., 
capital  costs,  ore  assumed  to  be  spread  evenly  over  the  ten-year  period.  Anrsuol 
administrative  costs  for  the  program  ore  estimated  to  be  about  $20,000. 

Flood  domoqes  with  mojor  reservoirs 

The  curve  labeled  "\Mth  reservoir  protection"^^  is  based  on  the  assumption  that 
one  or  more  major  water  impoundment  will  be  constnicted  in  the  basin.  Assuming  that 
the  reservoiKs)  ^vould  lower  the  frequency  and  amount  of  flooding  in  the  lower  Meramec 
River  oreo,  the  intensity  of  land  use  would  increase  in  the  downstream  areas,  if  there 
is  a latent  demand  for  such  land.  The  amount  of  property  damage  which  would  occur 
with  any  given  discharge  if  floods  were  not  reduced  would  consequently  be  increased. 

If  it  is  assumed  that  the  reduction  in  discharges  would  result  in  a residential 
density  in  the  flood  plain  equal  to  the  residential  density  presently  existing  on  either 
side  of  the  flood  plain  os  revealed  by  the  residential  cross  sections,  about  1,200 
new  homes  would  be  added  to  the  flood  plain  in  this  area  by  1980.  Aauming  on  average 
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domogs  of  $400  por  homo  (ompiricolly  dorivod),  then  a flood  of  1915  proportions 
without  rogulotion  would  cause  on  odditionol  $500, 000  domoge,  or  one-third 
more  damage  than  would  presently  occur  with  such  o dischorge.  These  ossumptioits 
ore  used  to  derive  the  "With  reservoir  protection"  flood  damage-discharge  relation- 
ship. The  result  is  probably  a conservative  estimate,  os  new  iiviustriol  and  commercial 
development  might  also  occur.  On  the  other  hand,  the  300  acres  of  industry  that 
might  develop  would  undoubtedly  be  located  at  or  above  levels  oorresponding  to 

o discharge  of  130,  OOO'cfs . A discharge  of  such  magnitude  would  be  o rare  occurrertce 

a 

with  a major  impoundment  upstream.  Therefore  the  curve  os  shown  oppeors  reosorwble. 

No  additional  changes  were  mode  in  the  flood  domoge-discharge  relation 
for  2000-2010  under  the  above  assumption.  It  is  doubtful  that  flood  plain  density, 
and  hence  flood  damages,  would  change  very  much  from  1980  to  the  end  of  the 
50-yeor  period.  Future  urban  lond  use  density  in  this  general  area  will  very  likely 
be  much  lower  than  of  present,  orKi  would  not  be  expected  to  exceed,  by  much, 
present  subdivision  densities  in  this  oreo.  It  is  assumed  that  this  density  wilt  almost 
be  reached  by  I960  if  o reservoir  is,  or  reservoirs  ore,  constructed  to  regulate  flood 
flows. 


Amount  of  preswnt  fiooc  domoges 

As  explained  in  the  Hydrology  opper>dix,  the  future  amount  of  flood  damages 
has  been  estimated  on  the  basis  of  probable  occurrence  of  floods  in  the  future.  Two 


methods  con  be  used:  (1)  assuming  thot  the  historic  record  (in  this  cose  a 40-yeor 
period)  will  prevoil  in  the  future;  (2)  generating  synthetic  hydrology,  which  by 
statistical  methods  calculates  the  occurrence  of  floods  bosed  on  a probabilistic  ex- 


pansion of  the  40-yeor  actual  record  into  o SOChyar  period.  This  500-yeor  synthetic 
period  hot  been  used  by  the  Meramec  Basin  Research  Project  and  has  been  divided 
into  50-yeor  cycles  (to  coincide  with  the  50-yeor  plonning  period);  flood  occurrences 
ond  ossocioted  flood  domoges  derived  from  the  damoge  discharge  curves^^  have  been 
colculoted  for  five  50-year  periods.  The  results  of  these  flood  damoge  cokulotions 
for  the  Aneramec  Botin  ore  shown  in  Table  3. 
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Tobla  3 

AVERAGE  ANNUAL  FLOOD  DAMAGES  IN  THE  MERAMEC  BASIhl° 
1 2 3 


Unmodified 
(without  protection) 

Modified  by 

3-reservoir 

system 

Benefits  from 

3-reservoir 

system 

Synthetic  trace  No. 

1 

$343,000 

43,000 

298,000 

Synthetic  trace  No. 

2 

357,000 

87,000 

270,000 

Synthetic  trace  No. 

3 

426,000 

152,000 

274,000 

Synthetic  trace  No. 

4 

378,000 

59,000 

319,000 

Synthetic  trace  No. 

5 

480,000 

85,000 

395,000 

Average 

397,000 

86,000 

311,000 

Historic  trace 
(actual  record) 

353,000 

46,000 

307,000 

**10  rMchas  of  tho  Moromec,  Bourbouso,  and  Big  Riven  dowratreom  from  the 
three  dotm  proposed  by  the  Corps  of  Engirteers  in  1949. 

In  the  oiMlysis  of  various  oltemotives  mode  by  the  Profect,  on  overage  annual 
damage  of  $397,000  (rounded  to  $400,000)  has  been  used.  This  is  some  $45,000 
greeter  than  damoges  derived  from  the  historic  trace.  The  synthetic  trace, 
olthou|(h  not  differing  o great  deal,  oppeon  to  be  a more  precise  way  of  looking 
into  the  future.  The  figure  of  $397,000  is  simply  on  estimate  derived  from  synthetic 
eolculatiom,  based  on  previous  Corps  of  Engineen  domoge-dbchorge  colculotions 
ond  odjusted  for  changes  in  dollor  volue  and  intensity  of  development  since  thot 
tiow. 

The  Corps  in  their  1948  report  estimoted  $503, 000  annual  damages.  This 
of  naeoNlty  was  based  on  a shorter  record  then  now  available  ortd  apparently 
htcludad  the  1915  flood,  175,000  cfi  (the  highest  known)  and  ended  with  the  1945 
flood,  ISQ^OOOcIi  (the  highest  of  official  record).  This  combination  of  o shorter 
record  end  bwluoien  of  the  two  highest  floods  gives  o higher  figure.  In  odditien, 
dioir  oathod  of  calculation  differed.  Converting  the  Corps  figure  to  1960  dollars 
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ond  allowing  some  increose  in  damage  because  of  greater  property  development 
might  produce  a current  figure  of  about  $800, 000  average  onnuol  damages  — twice 
our  figure. 

Additional  flood  damages  occur  on  the  smaller  tributaries,  especially  In  the 
St,  Louis  Metropoliton  Area,  and  on  the  major  basin  rivers  upstream  from  the  three 
dams.  The  amount  of  these  domoges  has  not  been  accurately  determined,  but  is 
probably  of  the  same  order  of  magnitude  os  main-stem  damages. 

Reducing  Flood  Damoge  in  the  Meramec  Bosin 

Various  woter  resources  systems  in  the  Meramec  Basin  were  investigated  with 
respect  to  their  effects  on  flood  damage  reduction . The  assumptions  made  in  these 
investigations  ore  set  forth  in  Appendix  B . 

Operation  studies  indicate  that  approximately  80%  of  the  flood  domoges  which 
now  occur  In  the  reaches  of  the  rivers  below  the  three  dams  proposed  by  the  Corps 
of  Engineers  in  1949  could  hove  been  prevented  by  these  three  dams  (Table  3).  The 
average  annual  flood  damage  reduction  benefits  attributable  to  the  three  reservoir 
system  is  therefore  slightly  over  $300, 000.  A small  additional  amount  would 
accrue  from  flood  damage  reduction  on  the  Mississippi  River.  The  flood  damage 
reduction  benefits  attributable  to  the  alternative  reservoirs  proposed  in  Volume  I 
hove  been  calculated  os  a proportion  of  the  three-dcm  benefits  ~ the  benefits 
being  proportional  to  the  damage  In  each  reach,  modified  by  the  percent  of  the 
drainage  area  of  that  reoch  controlled  by  o particular  reservoir,  and  adjusted  for 
the  amount  of  flood  run-off  which  could  be  stored  In  a particular  reservoir. 

Although  benefits  from  flood  damage  reduction  alone  are  rwt  sufficient  to 
cover  the  costs  of  reservoir  construction  and  operation,  the  construction  of  a reservoir 
or  reservoirs  primorily  to  satisfy  the  demand  for  water  recreotion  would  also  serve 
to  provide  some  degree  of  flood  protection . However,  "complete"  protection  does 
not  appear  to  be  economically  feasible.  Therefore  It  is  important  that  additional 
flood  domoge  reduction  measures  be  undertaken . (These  odditional  methods  should 
not  be  limited  to  situations  in  which  reservoirs  connot  be  justified,  but  rather  should 
be  considered  port  of  the  total  flood  damage  reduction  package.)  Improvement  of 
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the  flood  warning  system  would  be  helpful  in  reducing  damages,  particularly  to 
movable  property.  Flood  plain  zoning  and  channel  encroachment  legislation 
would  prevent  unnecessary  future  increases  in  flood  damage.  Flood-proofing  of 
structures  already  on  the  flood  plain  as  well  as  possible  new  structures  might  be 
feasible  and  should  be  investigated  more  thoroughly . The  preparation  of  flood 
frequency  maps  are  a necessary  first  step  for  several  of  the  preceeding  measures  as 
well  as  for  a comprehensive  flood  insurance  program.  These  maps  should  be  prepared 
os  soon  as  possible.  Until  the  advent  of  a comprehensive  flood  insurance  program 
it  would  be  wise  for  flood  plain  users  to  establish  a program  of  self-insurance  (a 
contingency  fund).  An  intensification  of  land-treatment  programs  would  also  be 
beneficial  — although  the  primary  benefits  of  such  programs  would  not  be  from 
reducing  flood  damages. 

Flood  damages  are  a problem,  but  not  a major  one.  A broad  program  of  flood 
domage  reduction  irKluding  reservoir  construction  in  conjunction  with  other  measures 
would  contribute  to  alleviating  the  prablem. 
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12.  See  the  discussion  of  flooding  in  the  lower  Meromec  River  in  separate 
appendix,  “Flooding  in  the  Lower  Meromec  River." 

13.  These  costs  ore  based  on  estimates  mode  by  Waiter  Eschboch,  Senior 
Planner,  St.  Louis  County  Planning  Commission. 

14.  See  Figures  2 and  3. 

15.  Note  that  flood  damage  reduction  benefits  of  the  second  type,  i .e. , 
more  intensive  land  use  stemming  from  flow  regulation,  are  implicit  in  this  curve. 

)6.  See  for  example,  Tennessee  Valley  Authority,  Flood  Problems  ond 
Monogement  in  the  Tennessee  River  Basin,  Committee  Print  No.  16,  Senate 
Select  Committee  on  National  Water  Resources,  Washington,  I960,  18.  The 
authority  estimated  that  for  every  community  in  the  valley  for  which  structures 
can  be  economically  justified  there  are  20  communities  where  such  structures 
cannot  be  justified. 

17.  Figures  5,  6,  arid  7 are  examples. 


APPENDIX  A 


FLOOD-PLAIN  LAND  VALUES 

In  order  to  evaluate  the  noture  and  extent  of  flood  domoges  in  the  Meromec 
Bolin,  on  attempt  wo  mode  to  determine  the  value  of  the  land  and  itructurei  loeoted 
in  the  flood  ploin  of  the  lower  Meromec  Boin . Several  different  opproochei  were 
tried. 

All  land  soles  which  occurred  in  or  neor  the  flood  ploin  in  St.  Louis  County 
for  the  period  August,  1957  (dote  of  lot  major  flood)  through  1959,  were  obtained 
from  warranty  deeds . Each  sole  wo  located  on  base  mops  o determined  by  the  legal 
descriptions  on  the  deeds,  end  the  sole  price  wo  estimated  by  use  of  the  attached 
Federal  Revenue  Stomp.  Deeds  bearing  no  stamps,  o well  o oil  introfomily  soles 
were  eliminated.  From  these  data  the  value  per  acre  for  many  different  typo  of 
land  use  wo  determined.  The  113  solo  occurrirtg  in  the  flood  plain  during  this  period 
accounted  for  2 .75f  of  the  floochploin  land  area . Unfortunately  all  but  26  of  theso 
solo  occurred  in  the  irtcorporoted  oreo,  such  o Valley  PoHc  and  Timo  Beach. 

It  wo  found  that  the  mixture  and  intensity  of  land  use  in  the  14, 183  aero 
of  flood*ploin  land  located  in  St.  Louis  County  varied  considerably  from  ot  > oreo  to 
another . Consequently  several  oreo  were  segregated  for  individual  analysis:  (1) 
the  incorporated  roidentiol  communitio  of  Valley  Pork  arxf  Timo  Beach;  (2)  the  more 
intensively  used  IoikI  near  major  transportation  arterio  crossirig  the  Meromec  River; 

(3)  the  more  remote  lower-voiued  agricultural,  foroted,  ond  vacant  land  In  the 
interstico  between  the  major  routo;  and  (4)  publie  utilitio,  roods,  roilroods,  and 
brMgo.  UUng  this  elossifkation,  o first  approximation  to  the  present  total  volue  of 
the  Hood  plain  In  St.  Loult  County,  including  both  land  otkI  buildings,  is  about 
$24,000,000.  The  computation  is  shown  in  Toble  4.  It  must  be  emphasixed,  however, 
that  this  is  only  on  estimate  based  on  o grom  land  use  type  classification,  end  may  be 
five  or  mere  million  deliars  off  in  either  direction . Moreover  this  is  not  the  land  value, 
but  the  total  lend  and  property  vjiue . Nevertheless  from  such  a gross  value,  an 
eetimete  of  the  order  of  magnitude  of  the  volue  of  the  floed^oin  land  itself  can  be 
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Tabu  4 

PRESENT  VALUE  OF  LAND  AND  STRUCTURES  IN  THE  MERAMEC  RIVER 
FLOOD  PLAIN  IN  ST.  LOUIS  COUNTY® 


i 


Place  or  item 

Acres 

Unit  Value 
(doHor  per  acre) 

Value 

(dollars) 

Times  Beoch 

377 

$ 9,300 

$3,50O,0C 

Valley  Pork 

317 

11,900 

3,80O,0C 

Roods 

432*’ 

“ 

1,000,0C 

Roilroads 

237® 

~ 

2,50O,0C 

Utilities,  etc. 

139 

2,000 

300,0C 

Other,  good  occess 

3,200 

1,600 

5,100,0C 

Other,  poor  access 

9,481 

800** 

7,600,« 

TOTAL 

14,183 

23,800,a 

Includos  oroa  inundated  by  1915  flood.  Value  determined  from  an  eMominotion 
of  warranty  deed  sales,  August,  1957  through  1959. 

^Includes  7.4  miles  of  state  roods,  14.4  miles  of  county  roods,  and  24.7 
miles  of  incorporated  roods. 

Includes  20  miles  of  railroad. 

d 

Oelormined  by  dividing  the  occumuloted  total  value  of  soles  by  the  occumulotod 
non»lneorpora*ed  land  acres. 
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A check  on  the  estimate  in  Table  4 wot  made  using  overage  values  for  specific 
types  of  laftd  use.  The  types  of  land  use  in  the  St.  Louis  County  flood  plain  were 
determined  from  data  of  the  St.  Louis  County  Plonning  Commission.  This  method,  os 
shown  in  Toble  5,  produced  figures  almost  identicol  with  the  first  estimote  of  gross 
value  of  the  flood  plain,  including  iond  and  buildings. 

A further  demonstration  of  the  validity  of  the  above  total  volue  of  the  St.  Louis 
County  flood  plain  is  indicated  by  the  calculation  made  by  Walter  Eschboch  of  the 
St.  Louis  County  Planning  Commission,  who  estimoted  the  total  volue  of  Iond  ond 
structures  to  be  opproximotely  $20,000,000.  This  figure  was  obtained  by  a more 
detailed  land  use  inventory  than  above,  whereby  overage  land  values  per  acre  were 
assigned  to  the  different  land  use  types.  Unfortunately,  the  specific  values  ouigned 
by  Eschboch  to  the  various  Iond  uses  ore  not  available . Even  though  the  Planning 
Commission  Report  did  not  include  public  utilities,  roods,  bridges,  and  roilroods  in 
the  coleulations,  the  three  estimates  of  total  value  ore  close. 
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Tabl«5 

PRESENT  VALUE  OF  THE  MERAMEC  RIVER  FLOOD  PLAIN  IN  ST.  LOUIS  COUNTY, 
AS  DETERMINED  BY  AVERAGE  VALUES  FOR  SPECIFIC  TYPES  OF  LAND  USE° 


Lond  UM 

Aerat  or  units 

Unit  Value 

(dollar  per  acre  or  unit) 

Value 

(dollars) 

Voconf 

1,805  oeros 

$ 500 

$ 900,000 

Roiert  (MOMnol) 

576  units 

2,000 

1,2X,000 

Roiorf  ^rooHy) 

568  units 

4,000 

2,300,000 

Pamanonf  rotidonea 

481  units 

10,000 

4,600,000 

loeraoHon  land 

144  acres 

800 

100,000 

ComoMrcial 

140  acres 

3,000 

400,000 

Manufacturing 

77  acres 

5,000 

400,000 

Agricultura 

7,840  acres 

1,000 

7,800,000 

fc** M ■ 

ffuuuiumj 

2,719  acres 

500 

1,400,000 

Sdntf  ond  qidvcI 

237  acres 

3,000 

700,000 

Roodi,  kridgoc,  rail- 
roaik,  uHlitios,  ate. 

806  acres 

Variable 

3,800,000 

TOTAL 

23,600,000 

^IneludM  land  ond  itrueturat. 
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APPENDIX  B 

PROCEDURES  USED  IN  OPERATION  STUDIES 


7h«  assumptions  mod*  with  respect  to  the  effect  of  the  various  water  resource 
systems  on  flood  damage  reduction  in  the  Meramec  Basin  are  as  follows: 

1 . In  all  analyses  of  alterrmtive  systems^  urNnodified  flood  damages  relating 
to  specific  discharges  were  obtoined  from  the  flood  damage*<Jischarge  relationships 
as  developed.  For  all  river  reaches  except  IB,  flood  damages  were  assumed  to 
remoin  the  same  over  the  period  of  arMlysis,  os  indicated  previously.  For  Reach  IB, 
where  development  is  most  likely  to  occur,  the  1959  relationship  was  used  for  the 
first  ten  yeors,  the  i960  relationship  for  the  next  20  years,  and  the  2000  relationship 
for  the  finol  20  years. 

2.  In  all  analyses  of  alternative  systems,  agricultural  flood  damages  from 
succeuive  floods  during  the  primary  growing  season,  June  to  September  inclusive, 
were  modified  to  account  for  the  effect  of  sequence  of  flooding.  A relationship 
between  (o)  the  ratio  of  the  total  number  of  acres  flooded  in  the  four  months  to  the 
rtumber  of  ocres  flooded  in  the  maximum  flood,  and  (b)  the  percent  of  unadjusted 
total  domoges,  was  used  to  determiiM  the  modification. 

3.  in  the  altemotive  system  including  only  flood  pioin  zoning  and  flood 
woming,  it  was  assumed  that  the  flood  warning  network  proposed  along  with  the 
associated  flood  pioin  zoning  would  ochieve  a net  reduction  of  1Q%^  in  oil  flood 
domoges,  other  than  agricultural  damages  and  property  damages  in  Reach  IB.  With 
respect  to  Reoch  IB,  the  change  in  property  flood  damages  under  conditiorw  of  flood 
plain  zoning  were  indicated  in  the  previous  section.  The  net  reduction  allows  for 
the  costs  of  evocuotion  ond  reoccupancy  but  excludes  the  costs  of  the  flood  warning 
network  and  the  preporation  and  administration  of  flood  plain  zoning  regulations. 
These  latter  costs  were  estimated  separately. 

It  was  assumed  thot  an  expanded  network  of  both  precipitation  goges  and  river 
staff  gages  would  be  installed  in  the  basin,  porticulorly  on  tributaries  such  as  Courtais 
Creek,  lixlbn  Creek,  Little  Meramec  River,  Fox  Creek,  Grand  Glaize  Creek,  and 


U.  S.  Senate  Select  Committee  on  National  Water  Resources.  River  Forecostini 
'frdramataoroleglwl  Anoiysh.  Committee  print  No.  25  (prepared  by  the  U.S. 
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M on«  «vh«r«v«r  such  inttollatiom  would  bo  useful  and  do  not  now  exist.  The  netwoik 
of  gages  would  be  In  addition  to  and  integioted  with  the  existing  gages  of  the  U.S . 
Weather  Bureau.  A system  of  reporting  precipitation  and  gage  heights  to o central 
headquarters#  and  on  outgoing  system  for  communicating  predicted  river  levels  and 
warnings  to  evacuate  would  be  established.  The  flood  warning  network  would  be 
operated  in  conjunction  with  the  River  Forecost  Center  of  the  Weather  Bureau  in 
St.  Louis.  The  expanded  network  olortg  with  the  radar  installations  of  the  Weather 
Bureau  should  moke  possible  the  achievement  of  the  10%  reduction  in  flood  damages. 

4.  For  the  system  involvirrg  redevelopment  in  oddition  to  o flood  warning  net> 
work  and  flood  plain  zoniirg#  it  was  assumed  thot  a net  reduction  of  10%  in  all  flood 
domoges  except  for  agricultural  domoges  oitd  property  domoges  in  Reach  IB  would  be 
achieved.  In  Reach  IB,  property  flood  damages  corresponding  to  any  given  discharge 
vrere  ossumsd  ta  be  reduced  proportionately  during  the  fint  ten  years  until  the  full 
redevelopment  program  had  been  occomplished.  Then  the  relationship  between  flood 
dmeoge  and  discharge  was  assumed  to  be  os  shown  on  the  "Redevelopment"  curve. 

Capital  and  orMtual  costs  of  the  flood  plain  zoning  and  the  flood  warnirtg  net- 
woik  were  assumed  the  same  as  in  previous  section . 

5.  In  evoluating  systems  in  which  there  was  protection  equivalent  to  the  three 
tos^olis  proposed  n 1949,  one  each  on  the  Big,  Bourbeuse,  and  Meramec  rivers, 

it  was  assumed  that  the  flood  warning  network  would  not  reduce  flood  damages  over 
•nd  obo**^  any  reduction  accomplished  by  the  reservoirs.  This  underestimates  by 
some  amount  the  flood  domoga  reduction  berrefits  possible.  No  costs  for  the  flood 
woming  network  were  therefore  included  in  system  costs.  It  was  assumed  further 
that  the  flood  plains  below  the  reservoirs  would  be  regulated  so  as  to  preclude  de- 
velopment over  and  above  present  cortditions,  except  in  Reach  IB.  Chorsges  in  the 
property  flood  damage-discharge  relotiortship  for  Reach  IB  hove  been  described  above, 
and  include  benefits  from  increased  utilization  of  the  flood  ploin. 
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Chapter  3 

MUNICIPAL  AND  INDUSTRIAL  WATER  SUPPLY 


Suwwiwry 

The  Mefomec  Basin  is  blessed  with  generally  ample  precipitation.  The  climate 
k clanifled  as  humid.  Rainfall  during  the  growing  season  is  adequate  during  most 
years  and  the  use  of  woter  for  irrigation  is  consequently  not  large.  The  supply  of 
woter  for  municipal  and  industrial  purposes  within  the  basin  is  relatively  abundant  in 
lelotion  to  present  and  potential  demands.  There  are  three  sources  of  supply:  (1)  ground 
water  from  deep  bedrock  or  shallow  residual  soil  aquifers,  (2)  water  from  surface  streams, 
and  (3)  ground  water  from  the  alluvial  material  bordering  the  surface  streams.  All  of 
the  water  used  in  the  upper  basin  is  supplied  from  deep  underground  sources;  only  in 
the  lower  basin  is  any  use  made  of  surface  water  or  alluvial  ground  water.  This  is  mode 
rMcessaiy  by  the  larger  demand  in  the  lower  basin  coupled  with  the  fact  that  deep  ground 
water  in  the  lower  basin  contains  large  amounts  of  dissolved  minerals  and  is  unusable 
without  extensive  treatment.  Since  there  are  no  heavy  waternising  industries  within 
the  Meromec  Basin,  aruJ  only  one  or  two  cities  in  the  upper  basin  whose  population 
exceeds  5,000  persons,  all  of  the  water  needs  of  that  portion  of  the  basin  outside  the 
St.  Louh  area  con  be  met  from  urtderground  sources  ~ both  at  the  present  time  or>d 
in  the  foreseeable  future.  Only  in  small  local  areas  may  difficulties  arise  with  regard 
Id  the  quality  or  amount  of  deep  ground  water. 

Only  one  area  in  or  neor  the  Meromec  Basin  requires  large  quantities  of  water 
the  St.  Louk  Metropolitan  ^rea.  Ample  quantities  of  surface  water  are  available  to 
supply  thk  need  from  the  combined  flows  of  the  Mississippi  and  Missouri  riven,  the 
Meromec  River,  and  from  the  alluvial  materials  bordering  these  riven.  At  the  present 
time,  most  of  the  water  used  in  the  St.  Louis  Metropolitan  Area  k obtained  from  the 
Mississippi  and  Missouri  riven,  and  these  sources  should  be  sufficient  ta  supply  any 
foreseeable  increase  in  demand.  Row  water  from  these  surface  sources  requires  a greater 
degree  of  tremtment  than  the  ground  water  utilized  by  cities  in  the  upper  basin,  but  the 
cask  involved  ere  not  out  of  line  with  the  cost  of  water  treatment  in  most  other  large 
metropolitan  ereos.  The  supply  of  woter  available  from  the  Meromec  k small  in 
relation  to  the  supply  from  the  rkher  two  rivers,  and  differences  in  water  quality  ore 
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nagligfeU.  Bmoum  of  Iho  cotli  involvod  in  tramporting  wotor/  tho  Meromoc  h,  and 
will  eontinuo  to  bo#  tho  chlof  tourco  of  supply  for  tho  southwostom  port  of  tho  St.Louis 
Motiopollton  Aroo*  At  tho  prosont  timo  this  supply  is  moro  than  odoquoto/  and  will 
eontinuo  to  bo  odoquoto  for  somo  yoors  in  tho  futuro.  Thoroforo#  wotor  supply  bonofits 
which  might  occnio  from  dovolopmont  of  tho  wotor  rosourcos  of  tho  Moromoc  Basin 
ora  likoly  to  bo  small. 

This  conclusion  doos  not  moon  that  thoro  will  bo  no  diroct  bonofits  to  muni> 
oipol  and  industrial  usors  from  dovolopmont  of  tho  wotor  rosourcos  of  tho  basin.  As 
tho  population  of  this  soction  of  tho  motropolitan  oroo  oxponds#  tho  domortd  for  water 
from  this  oroo  will  probably  oxcood  tho  ovoiloblo  supply.  Bonofits  would  then  occivo 
from  mokiiqj  ovoilobio  o loigor  dopondobio  supply  in  tho  iVtoromoc  rothor  than  hons** 
porting  tho  nocossory  water  from  tho  Mhsisslppi  or  Missouri.  Somo  odditionol  bonofits 
could  also  accrue  because  regulation  of  stroomflow  may  improve  tho  avorogo  quality 
of  surfbeo  supplies#  which  in  turn  would  rodueo  water  treatment  costs  for  municipal 
and  iitdustriol  usors. 

Tho  problems  of  municipal  and  industrial  water  supply  in  tho  Moromoc  Basin 
and  the  St.  Louis  oroo  ore  small . Corrsoquontly#  tho  opportunities  for  deriving 
water  supply  bonofits  from  Moromoc  water  dovolopmont  pro{octi  ore  likewise  small. 
Largo  expansion  of  both  population  and  irxlustry  b possiblo  without  tho  occurrenco  of 
mo{or  water  problems.  Both  surface  orrd  ground  water  sources  ore#  and  will  eontinuo 
to  bo#  utilized#  with  tho  former  prodominotirtg  in  tho  areas  outside  tho  Moromoc  Boski 
otmI  tho  latter  within  tho  basin. 

Introduction 


Tho  needs  of  tho  Moromoc  Basin  and  tho  St.  Loub  areo  for  water  for  municipal 
ond  industrial  purposes  have  often  been  mentiorrod  os  o reason  for  developing  tho 
water  resources  of  tho  Moromoc  Basin.  Thb  report  ottempls  to  define  those  needs  moro 
procboly#  and  to  ovoluato  tho  odoquacy  of  sources  of  supply  to  moot  those  needs. 

Tho  oroo  covered  in  thb  report  consbb  of  tho  Moromoc  River  Basin  proper 
and  od|oeont  oroos  in  Motropolitan  St.  Loub.  Thb  oroo  b shewn  in  the  frontbpioeo 
mop.  The  area  eubido  tho  Moromoc  Basin  proper  includes#  roughly#  tho  presently 
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streams.  Oroumf  water  is  available  from  two  sources.  It  can  be  obtained  throughout 
most  of  the  basin  from  the  soil  and  rock  formations  which  underlie  the  basin.  Ground 
water  is  also  available  from  another  source  the  alluvial  materials  which  form  the 
floodplaiiM  of  the  surfoce  streams. 

Ground  woter  from  bedrock  oquifers 

Ground  water  is  available  from  bedrock  aquifers  throughout  the  (Vieromec  Basing 

but  some  parts  of  the  basin  (notably  the  northeastern  margin) canrtot  utilize  the  row 

ground  water  for  municipal  and  industrial  purposes.  The  rock  stroto  which  comprise 

the  confined  aquifers  underlying  this  part  of  the  Ozarks  yield  a steady  supply  of 
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between  150  and  600  gpm  (gallons  per  minute).  In  the  upper  basin  (roughly  thot  area 
within  the  basin  boundaries*  south  and  west  of  a line  drawn  between  Vroshington  and 
LeSoto)*  grourxi  water  from  these  aquifers  is  usable  for  most  purposes  with  a minimum 
of  treatment*  whereas  in  the  lower  basin  water  from  these  aquifers  is  relatively  highly 
mineralized  and  is  unusable  or  urtdesirable  for  most  purposes  without  considerable 
treatment. 

Surface  water 

The  magnitude  of  surface  water  available  is  indicated  by  streomflow  measurements 
at  the  USGS  gaging  station*  ivWramec  kiver  near  Eureka.  Above  this  point  in  the 
lower  basin*  the  drainage  area  is  3*788  square  miles*  about  95%  of  the  total  drainage 
area  of  the  ^leromec  Basin.  Based  on  a 40-year  period  of  record*  1904-1905  and 
192‘>-I959,  the  overage  flow  at  Eureka  is  3*  1 10  cfs*  or  2*010  mgd  (million  gallons 
per  doy).  The  minimum  recorded  flow  far  the  some  period  is  196  ch  or  127  mgd. 

Flows  in  the  Meramec  during  the  low  flow  season  ore  maintained  by  ground  water* 
particularly  the  many  springs  which  feed  the  river  and  its  smaller  tributaries. 

C'*|ta*'deble  supplies  of  water  can  be  obtained  from  many  of  the  permanent  streams 
in  the  basin.  The  major  streams  of  the  basin  (those  having  a drainage  area  of  at  least 
50  square  miles)  are  shown  in  the  frontispiece  map.  While  drairtage  area  is  a good 
indicator  of  expected  streomflow  in  many  ports  of  the  world*  it  is  not  os  reliable  in 
the  Ozarks  because  of  the  many  sinks  ond  springs  which  affect  the  relationship 
between  drainage  area  and  streomflow.  Therefore*  not  all  of  the  streams  shown  In 
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this  ntop  will  furnish  a depertdoble  supply  of  water/  whereas  some  of  the  shorter/ 
spring-fed  streams  not  shown  on  the  mop  could  be  used  os  sources  of  water  supply. 

It  is  imponible  to  construct  an  accurate  map  of  dependable  streamflow  because  of 
the  lock  of  adequate  records  covering  the  numerous  streams  with  small  droirxige  aroos 
which  would  be  necessary  for  this  purpose.  The  best  data  available  ere  found  in  a 
study  of  low  streamflows  done  by  the  U.  S,  Geological  Survey  in  1953.^  A map  based 
on  these  data  is  presented  as  Figure  ^ . Streamflows  ot  the  major  gaging  stations  In 
the  bosin  ckiring  this  period  were  not  the  lowest  ever  recorded/  but  did  not/  in  most 
cases/  exceed  the  recorded  low  flow  by  more  than  50%.  As  shown  in  Figure  1/  the 
largest  amounts  of  water  (rnore  then  100  ch)  ere  available  in  the  Meromec  River  down- 
stream from  Maramec  Spring  / near  St.  James.  Amounts  on  the  order  of  10-100  cfs  ore 
also  ovoiloble  from  the  tvleronec  for  a short  distance  above  Ariaromec  Spring./  from 
the  lower  portions  of  the  Huzzah/  Courtob/  or>d  Bourbeuse/  and  in  most  of  the  Big 
River  downstream  from  the  Lead  Belt  cities. 

At  places  within  the  basin  where  water  from  the  ground  water  reservoir  is  pumped 
for  municipal  or  mining  uses/  and  b then  discharged  into  surface  strecms/  the  base 
flows  of  these  streams  rkiring  dry  periods  are  considerably  greater  then  those  of  similar 
streams  not  receiving  such  dbchorges.  The  1953  low  flow  study  of  the  U.S.G.S.^ 
pinpointed  two  such  areas  In  the  Meromec  Basin  ~ the  Big  River  below  the  municipolities 
and  mines  of  the  Lead  Belt/  and  the  Little  Dry  Fork  below  the  city  of  Rollo.  If  mining 
activities  continue  to  increase  within  the  basin/  extreme  low  flows  should  bo  increased 
In  some  reaches  of  the  rivers  ~ porticulorly  the  lower  Bourbeuse/  Indian  Creek,  and 
the  middle  and  lower  Meromec. 

Ground  woter  from  alluviol  deposib 

Water  from  the  alluvial  moteriols  bordering  the  surface  streams  has  charocterbties 
which  ore  kiteimediate  between  surfoee  woter  and  deep^oquifer  ground  water.  Although 
It  is  withdrawn  from  the  ground/  and  b more  akin  to  deep  aquifer  ground  water  then 
surface  water  by  most  measures  of  water  quolity,  lb  source  of  recharge  b not  only 
precipitation  as  Is  the  cose  with  deep  ground  erntor/  but  abo  surface  water  which 
hflltrotM  from  the  stream.  Since  the  floodplokM  in  the  Meromec  Basin  are  seldom 
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more  thon  one  mile  wide,  alluvial  ground  water  b found  only  in  proximity  with  surface 
streams.  The  pattern  of  occurrence  of  alluvial  water  therefore  closely  approximates 
that  of  surface  waters  shown  in  the  frontispiece  mop. 

Woter  supply  chorocteristics 

Water  from  each  of  these  three  sources  ~ surface/  deep  ground/  and  alluvial 
ground  — has  differing  characterbtics  which  affect  its  usefiilneu  for  domestic  and 
industrial  purposes.  Usable  supplies  of  deep  ground  water  under  present  corKlitions 
are  found  in  all  parts  of  the  basin  except  the  lower  portion/  while  surface  arxl  alluvial 
ground  water  are  uvailable  only  in  stream  valleys.  With  regard  to  the  quantity 
available/  surface  water  from  the  major  streams  provides  the  largest  amount  at  a 
single  location/  followed  by  alluvial  and  deep  ground  water.  The  three  sources  can 
be  ranked  differently  according  to  various  quality  criteria:  (1)  turbidity  — ground 
water  is  preferable  because  of  lower  turbidity/  (2)  temperature  “ ground  water  ranks 
highest  because  of  its  relatively  constant,  temperature/  (3)  hardhess  — surface  water 
b preferred  because  it  is  generally  less  hord.  Alluvial  ground  water  is  intermediate 
to  the  other  tv/o  on  the  basts  of  all  three  of  the  above  criteria/  since  it  b generally 
comprised  of  a mix  of  waters  of  the  other  two  types. 

The  qualify  of  the  water  supply  varies  from  area  to  area  within  the  basin. 

Based  on  the  limited  data  available/  hardneu  of  the  ground  water  in  the  Lead  Belt 
Area  (the  southeastern  portion  of  the  basin)  varies  between  50  and  650  ppm  (ports  per 
million);  in  the  upper  basin  outside  of  the  Lead  Beit  Area  hardness  varies  between 
opproximatety  100  and  450  ppm.^  In  the  lower  basin/  based  on  even  more  limited 
doto/  hardness  of  the  ground  water  b higher  than  in  the  upper  basin.  Where  water 
b withdrawn  from  alluvial  materials  adjacent  to  the  Meromec  River/  ite  quality  varies 
more  throughout  the  year  than  ground  water  in  the  upper  basin/  since  it  b affected  by 
variations  in  surface  water  quaiity.  Hardness  of  these  waters  has  raided  between  270 
and  340  ppm . Surface  water  hardness/  based  on  measurements  at  two  points  in  the 
lower  basin  (Fenton  and  Kirkwood)  ranges  between  150  and  200  ppm.^ 

With  respect  to  temperature/  ground  water  varies  oniy  a few  degrees  throughout 
the  yoar,  whereas  surface  water  follows  the  voriatiorts  in  air  temperatures/  having  a 
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moximum  tamparature  range  of  about  45  degrees.  Turbidity  of  olluvioi  ground  water 

0 

b generally  len  than  5 pfm  in  the  lower  basin  and  is  relatively  constant.  Average 
monthly  turbidity  of  surface  water  in  the  some  area,  based  on  measurements  at  a 
single  point  over  a seven  year  period  (1940-1946),  varies  from  about  40  ppm  in 
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January,  to  170  ppm  in  June,  with  an  average  of  about  90  ppm.  (iratontaneous 
turbidity  measurements  as  high  as  1,000  to  2,000  ppm  hove  been  recorded  in  the  lower 
Meransec  River.)  It  should  be  noted  that  the  quantity  otkI  quality  of  surface  water 
ore  not  rtow  affected  by  any  streomflow  regulation  in  the  basin. 

The  ^kromec  Basin;  Municipal  and  Industriol  Woter  Requirements 

Water  b used  within  the  basin  by  municipalities  for  domestic  and  other  uses 
including  commercial  and  industrial,  by  industries  directly,  and  by  ittdividual  house- 
holdb  such  os  farmsteads  or  non-farm  homes. 

Populotion 

The  Meromec  Basin  is  not  heavily  populated  — in  fact,  parti  of  it  are  among 
the  ntost  sparsely  populated  sections  of  the  eastern  United  States.  About  2(X)/000 
to  240,000  persons  are  now  living  within  the  limits  of  the  drainoge  basin. Those 
parts  of  the  basin  not  immediately  odjocent  to  St.  Louis  (outside  the  St.  Loub  Metro- 
politan Area)  account  for  about  140,000  persons,  a density  of  less  than  40  persons  per 
square  mile.  In  thb  portion  of  the  basin  there  are  only  18  cities  which  had  a population 
? of  more  than  1,000  ot  the  time  of  the  1960  census.  ^ ^ In  the  entire  basin  (including 

i those  cities  which  make  up  a part  of  the  St.  Louis  urbanized  area)  there  are  30  cities 

of  more  than  1,000  population.  These  are  Ibted  in  Table  1 . 

{ ^olla,  with  approximately  11,000  inhabitants,  is  the  only  one  of  the  16  upper 

' basin  cities  with  a population  greater  than  5,000.  (The  population  of  Flat  River,  when 

1 odded  to  that  of  the  cities  which  make  up  its  contiguous  urban  area,  b almost  10,000.) 

Seven  cities,  with  some  15,000  inhabitants,  comprbe  the  Lead  Belt  h the  southeastern 
section  of  the  basin.  Six  cities,  comprisirig  about  23,000  inhabitants,  are  located  along 
an  axis  running  from  St.  Loub  to  Rolla.  All  but  Steelville  are  located  on  Highway  66 
which  follows  the  divide  between  the  Bourbeuse  arxi  upper  Meromec  drainage  areas. 


Table  1 

MERAMEC  BASIN  CITIES 

POPULATION  AND  WATER  SUPPLY  CHARAaERISTICS 


Population  Owi 

1950  1960  sh 


LOWER  BASIN 

(St.  Louis  Area) 


Ballwin  ^ 

Des  Peres 
Ellisville 
Eureka  , 
Kirkwood 
Manchester 
Pacific  , 
Sunset  Hills  ^ 
Town  & Country 
Valley  Park 
Winchester 
Fenton 


UPPER  BASIN 
Leod  Belt 


Bismark 

Bonne  Terre 

Desloge 

Elvins 

Esther 

Flat  River 

Leodwood 


(St.  Louis  to  Rdla)  Rolla 

St.  James 
Cuba 
Sullivan 
St.  Clair 
Steelville 

Highway  50  & 28  Axis 
(Missouri -Boufbeuse  Oivide)Union 

Oweivville 

Belle" 

Other  Potosi 

Salem 

Viburnum 
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TtirM  cities  in  the  l/OOCH*  category/  along  with  several  smaller  ones/  are  located 
along  the  Bouibeuse-^^issouri  River  divide.  Rounding  out  the  list  are  Salem  in  the 
southwestern  part  of  the  bosin/  otkI  Totosi/  some  15  miles  west  of  the  Lead  Belt 


Anursicipol  woter  demands 

All  of  the  lower  basin  cities  which  are  contiguous  ports  of  the  St.  Louis  urbanized 
area  obtoin  their  water  from  surface  or  alluvial  sources.  The  other  two  lower  basin 
cities/  Eureka  and  Pacific/  depend  upon  ground  woter  from  bedrock  oquifers.  These 
two  cities/  along  with  Valley  Park  and  Kirkwood/  have  their  own  municipal  water 
systems;  the  others  are  supplied  by  the  St.  Louis  County  Water  Company/  a private 
corporation.  The  St.  Louis  County  Water  Company  obtains  some  of  its  total  water  with- 
drawals directly  from  the  ivWomec  River;  most  of  its  supply  from  the  Missouri  River. 

The  city  of  Kirkwood  obtains  the  major  portion  of  its  supply  from  a radiol-type  well 
running  beneath  the  bed  of  the  iVieromec  River.  Kirkwood  also  has  a direct  surface 
water  intake  which  can  be  used  ta  supplement  the  well  yield  when  necessary.  (In 
addition  Kirkwood  currently  purchases  about  one-eighth  of  its  needs  from  the  St.  Louis 
County  Woter  Company.)  The  city  of  Valley  Park  obtalre  its  total  supply  from  shallow 
wells  near  the  Meramec  River. 

In  the  upper  basin  only  ono  city/  Union/  obtaire  its  water  from  a surface  source/ 
the  Bourbeuse  River.  The  municipal  requirements  of  the  other  cities  ore  met  from 
ground  water.  Outside  of  the  Lead  Belt/  all  of  the  upper  basin  cities  are  served  by 
municipally-owned  systems.  The  Leod  Belt  cities  utilize  ground  water  pumped  from  the 
mines  ortd  sold  by  the  Lead  Belt  Water  Company/  a subsidiary  of  St.  Joseph  Lead  Company. 

Most  of  these  agencies  encounter  little  difficulty  in  obtaining  oil  woter  needed 
for  municipal  and  irKkistriol  purposes.  In  fact  there  appear  ta  be  adequate  supplies 
for  any  anticipated  populotion  orsd  industrial  expaiwion  in  the  basin.  Possible  ex- 
ceptions ta  the  altave  generalization  ore  Rolla  otKl  St.  Clair  in  the  upper  basin.  Rolio/ 

In  the  headwaters/  has  eight  wells  in  operation  ot  present.  Indications  suggest  there 
may  be  difficulty  in  firtdirsg  locations  for  enough  additionol  wells  ta  supply  the  growing 
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nMdi  of  the  Rdla  area.  St.  Clair  is  iikewiso  MKountering  difficulty  in  mMting  its 
needs  fron  locai  ground  water  supplies/  due  probably  to  the  decreased  thickness  of 
the  Fotofi  foimation  in  that  area.  In  both  cases  however/  the  potential  maximum 
economic  yields  from  the  relevant  ground  water  basins  are  not  known  as  yet/  but  it 
is  reosonobiy  certain  that  with  proper  spacing  of  weli  fields/  sufficient  quantities  of 
ground  water  shouid  be  obtainabie  to  satisfy  the  present  and  future  needs  of  these 
two  citieS/  as  well  as  the  needs  of  the  other  cities  in  the  upper  basin. 

Figure  2 shows  the  iocation  of  surfoce-^oter-using  municipalities  compared 
with  the  pattern  of  sub-surface  water  availability  in  the  United  States.  Within  the 
rene  of  ground  waterovoilobiiity/  procticaliy  no  municipalities  except  iarge  cities 
(in  the  100/000-*-  class)  moke  use  of  surface  water  supplies.  In  most  ports  of  the  Meromec 
Basin/  the  quantity  of  water  available  from  underground  sources  is  even  larger  than 
the  minimum  specified  on  Figure  2. 

In  the  lower  basin  only  the  city  of  Kirkwood  has  experieiKed  difficulty  in 

meetkHI  water  requirements  in  recent  years/  during  a period  in  which  demands  have 

grown  rapidly.  The  difficulty  however  did  not  result  from  a shortage  of  available 

water  in  the  Meromec  River/  but  rather  from  the  ItKidequate  intoke  capacity  of  the 

shallow  wells  tapping  the  supply/  plus  limited  treatment  plant  capacity.  Thus  the 

impact  of  the  "drought"  in  the  early  1950's  has  been  over-rated  by  some.  Since  that 

time  Kirkwood/  os  noted  above/  has  constructed  a direct  surface  water  intake  in  the 

river  and  an  inter-connection  with  the  system  of  the  St.  Louis  County  v/oter  Company. 
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These  sources  are  available  to  supplement  the  well  yield  when  necessary. 

Industrial  woter  demonds 

While  there  is  some  present  requirement  for  water  for  industrial  uses  in  the  basin 
proper/  It  is  of  limited  magnitude.  Most  of  the  manufacturing  irKkistries  presently 
located  in  the  basin  have  relatively  modest  water  requirements  which  are  generally 
supplied  by  municipal  water  systems.  No  heavy  water-using  industries  such  as  oil 
refinirtg/  steel  manufacturing/  pulp  and  paper  manufacturing  or  steam  power  plants  / 
ore  located  within  the  basin.  Mining  is  the  major  Industrial  water-user/  the 
water  requirements  for  which  are  met  from  ground  water  and  supplied  by  the  mining 


THE  PATTERN  OF  SURFACE-WATER-USING  MUNICIPALITIES  IN  THE  UNITED  STATES 
COMPARED  WITH  THE  PATTERN  OF  SUB-SURFACE  WATER  AVAILABILITY 


Dots  indicat*  location  of  surfoce-woter-using  municipalities. 
Shading  indicates  areas  where  ground  water  is  available  in 
quantities  adequate  to  constitute  a supply  of  fresh  water  for 
a town  of  about  1,000  inhabitants  (water  containing  less 
then  2, OCX)  parts  per  million  of  disolved  solids  at  rates 
exceeding  approximately  72,000  gallons  per  day).  In  most 
of  the  Meromec  Basin,  even  larger  amounts  of  ground  water 
are  available. 


Source:  John  R . Borchert 


The  Surface  Water  Supply  of  American  Municipalities 
lotion  of  Americon  CSecorophora,  Volume  44  (1954). 
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companlas'  own  systams.  Sand  and  gravol  oporations  or*  also  important  in  the  basin, 
but,  as  with  mining,  most  of  the  water  withdrawn  is  returned  to  streams  or  ground 
water  basins  in  the  area  from  which  it  is  withdrawn.  Water  quality  degradation  is 
the  major  problem  with  respect  to  both  mining  and  sand  and  gravel  operations.  However, 
with  the  exception  of  a few  sand  and  gravel  operations,  the  situation  appears  to  be 
ursder  control.  Considerable  growth  in  mining  operations  is  expected  in  the  basin 
over  the  next  40  years.  All  indicatioris  are  that  the  water  requirements  for  industry 
and  mining  can  be  met  by  development  of  locol  ground  and  surface  water. 

Woter  demands  of  individual  households 

Water  for  the  use  of  irtdividual  households  is  supplied  by  ground  water  generally 
from  shallow  wells  lapping  unconfIned,  non-alluvial  aquifers.  In  the  upper  basin 
little  difficulty  is  experierKed  in  obtaining  enough  water  by  th  s neons.  Even  under 
drought  cortditions,  only  the  very  shallow  wells  ore  affected.  Under  ttoimal  economic 
eonditione,  formers  should  be  able  to  "afford  to  top  aquifers  of  a depth  neceMory  to 
{rmire  o year  oroutHi  supply  despite  droughts.  Stock-watering  needs  are  met  from 
wells,  form  portds,  surface  streams,  or  some  eombirMtion  of  these  sources. 

In  the  lower  basin,  where  density  of  dwelling  units  is  generally  higher  and  the 
deep  ground  water  is  more  highly  minerolixed,  individual  households  ore  oireody 
experierKing  difficulties  in  obtaining  water.  These  difficulties  are  expected  to  in- 
crease with  increasing  population.  Follution  of  the  shallow  aquifers  has  been  added 
to  the  problems  of  quantity  and  mineral  quolity  in  parts  of  this  area. 

Estimates  of  the  population  livirtg  within  the  various  political  subdivisions  of 
the  Meramec  Basin  in  1960  ore  given  in  Table  2.  Column  1 shows  the  estimated 
1960  population;  column  2,  the  median  projected  population  for  the  year  2000,  borad 
on  past  trends  otkI  other  foctors  (particularly  proximity  to  St.  Louis  and  the  advent  of 
new  minirtg);  columns  3 and  4 show  the  estimated  artnuol  water  requirements  for  the 
year  2000  based  upon  the  population  estimates  contained  in  column  2.  According 
to  Thomas  R.  Beveridge,  Wiissour!  State  Geologist,  these  requirements  could  be  met, 
without  difficulty,  from  proper  development  of  ground  water  resources  --  with  the 
exception  of  the  requirements  of  Jefferson  County  (particularly  the  northern  portion) 


Td>l«? 


BASIN  COUNTIES  AND  /^AIOR  TOWNS 
ESTI^tATED  POPULATION  AND  WATER  OE^.ANO 


COUNTY  & TOWN 

POPULATION® 

Estimated 
1960  2000 

WATER  DEA/^AND 

Mllion  Gallons 
Acre-Feet  ?er  Day 

Crawford 

12.5 

25 

5,000 

3.5 

BourBion 

.3 

3 

600 

.42 

Cuba 

1.7 

5 

1,000 

.7 

Steelville 

1.1 

5 

1,000 

.7 

Dent 

9.0 

12 

2,400 

1.68 

Salem 

3.9 

10 

2,000 

1.4 

Franklin 

26.0 

75 

15,000 

10.5 

Sullivan  (also  Crawford  Co.) 

4.1 

20 

4,000 

2.C 

St.  Clair 

10 

2,000 

1.4 

Pocific-Grey  Summit 

2.8** 

10 

2,000 

1.4 

Uhion^ 

3.9 

15 

3,000 

2.1 

Gasconade 

2.5 

3 

1,500'i 

.42 

OwansviFle  (partly  outside  Basin) 

2.4 

5 

1,000V 

.7 

Iron 

1.5 

5 

1,000 

.7 

Viburnum 

.6 

3 

6,600 

.42 

Jefferson^ 

23 

200-300 

50,000 

35 

Northern  Part 

200 

40,000 

28 

Hilldiarolpartly  outside  Bosin) 

.5 

15 

3,000 

2.1 

Cedar  Hill 

15 

3,000 

2.1 

h'ories 

2 

2 

400 

.28 

PIwIps 

Roflo  (partly  outside  Basin) 

20 

35 

7,000 

4.9 

11.1 

20 

4,000 

2.8 

St.  James 

2.4 

5 

1,000 

.7 

Reynolds 

.1 

- negligible 

St.  Francois 

25 

25 

5,000 

3.5 

Flat  River-Bonne  Terre  and  suburbs 

7.7® 

25 

5,000 

3.5 

St.  Louis  County^ 

60-00 

200-300 

50,000 

35 

Woshington 

14.1 

20 

4,000 

2.8 

Polosi 

2.8 

5 

1,000 

.7 

**1960  population  of  towns  for  city  limits  only^  genorolly  20-60%  less  than  actual  built-up  area, 
from  U.S. Census  of  Population,  1960.  Population  estimatas  for  2000  cover  whole  built-up  area. 
Estimates  are  median  projection,  adjusted  for  proximity  to  St. Louis  ond  advent  of  new  mining. 

^Pacific  only. 

^The  City  of  Union  and  portions  of  St.  Louis  County  ore  prosontly  supplied  by  surface  water. 

Ail  others  rely  on  (pound  water. 

‘^The  whole  of  northern  Jefferson  County  is  estimated  to  have  suburban  or  semi-subibon  density 
by  2000  as  for  OB  Hillsbeie  end  Cedar  Hill . All  of  it.Louis  Co.  to  have  suburban  density  by  2000. 

*Flot  River  and  leone  Terre  only. 
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and  St.  Louis  County.  The  choractoristics  of  the  ground  wotor  of  this  area  ore  des- 
cribed on  the  fflop/  iVtissouri  Woter  Resources#  os  "Limited  yields  of  fresh  water 
at  depths  up  to  500  feet.  Salty  or  sulphurous  water  at  greater  depths  dependent 
upon  location.”  When  the  population  density  of  thb  area  has  increased  so  as  to 
approach  that  of  present-day  suburban  oreoS/  the  residents  will  be  forced  to  depend 
upon  surface  water  supplies  to  meet  the  demand  (barring  unexpected  breakthroughs 
in  the  costs  of  demineralizing  brackish  waters).  Thb  demand  could  be  met  by  expansion 
of  the  territory  served  by  the  St.  Louis  County  V^ater  Company,  or  by  the  formation  of 
one  or  more  public  or  private  companies  to  dbtribute  waters  taken  from  the  A/ieramec 
Basin  or  the  Mbsissippi-iVibsouri  system.  These  problems  ore  treated  in  more  detail 
in  the  section  describing  St.  Loub  area  water  needb. 

Possible  water  supply  bersefits  from  major  impoundiewib 

Water  supply  b not  a major  problem  arsywhere  in  the  tVieramec  Basin  at  the 
present  time.  It  b extremely  unlikely  that  changes  taking  place  within  the  next  40 
years  will  produce  any  lorge*«cale  water  supply  problems  in  the  upper  basin.  Ckiring 
thb  period  changes  in  the  lower  basin,  caused  by  the  further  exporrsion  of  the  St.  Louis 
urbanized  area  into  thb  section,  will  probably  result  in  some  problems. 

Wotemupply  benefib  to  be  derived  from  the  coiHtruction  of  reservoirs  on  the 

major  streams  in  the  i'4eramec  Basin  appeor  to  be  extremely  limited  for  the  upper 

basin  — perhaps  ncnexbtent.  So  long  as  ground  vrater  continues  to  yield  an  adequate 

supply  there  seems  to  be  little  reason  for  utilizing  woten  directly  or  indirectly  from 

any  Impoundnsenh,  considering  the  dbtanee  over  srhich  thb  woter  would  have  to  be 

transported.  Steelville,  Union,  and  the  Lead  Belt  cities  are  the  only  sizeable  cities 

18 

in  the  upper  basin  locoted  within  two  miles  of  major  streams.  If  ground  water  should 
prove  hsodequote  In  sense  ploees  consMerotlon  should  be  given  to,  and  costs  evaluated 
for,  altsmotives  ether  than  main*stim  reservoirs.  The  cheapest  oltemative  might 
prove  to  be  construction  of  smeller  neor4>y  reservoirs,  solely  or  primarily  for  water 
supply,  or  corutruction  of  a pipellrte  to  a surfoee  water  source  oubide  the  basin. 

Fc  rr.-rn'.o,  tho  dbtenco  from  Union  to  the  Mbscurl  River  end  from  Rolla  to  tho 
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Gasconade  River  is  less  than  ten  miles.  While  such  distances  may  be  beyond  the 
realm  of  economic  feasibility  for  these  towns,  the  fact  remains  that  they  compare 
favorably  to  the  distances  involved  in  directly  tapping  potential  main<stem  reservoirs. 

Ground  water  quality  in  the  upper  basin  is  sufficiently  high  for  most  purposes. 
Only  a minimum  of  treatment  is  required  — in  most  municipalities  treatment  is 
limited  to  chlorination  and  softening.  The  major  water  quality  problems  stem  from 
hardness. 

Improvement  in  this  last  mentioned  aspect  of  water  quality,  hardness,  has  been 
suggested  as  a possible  source  of  benefit  in  the  upper  basin.  As  noted  previously, 
ground  water  hardness  varies  between  100  and  650  parts  per  million  in  the  upper 
basin  (practically  all  areas  outside  the  Lead  Belt  average  less  than  300  ppm).  Sur- 
face water  hordness  in  the  basin  has  been  measured  systematically  at  only  two  places  — 
both  in  the  lower  basin.  On  the  basis  of  these  records  (1940-1946)  surface  water 
hardness  appears  to  vary  between  60  and  ?80  parts  per  million  and  overages  185  parts 
per  million  at  the  Kirkwood  water  plant.  Hardness  can  be  reduced  by  impoundment 

in  two  ways:  (1)  dilution  by  peak  discharges  which  hove  generally  lower  hardness, 
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and  (2)  photosynthetic  carbonate  precipitation.  The  first  would  probably  result 

in  a reduction  in  overage  hardness  from  185  to  about  175  ppm.  The  effect  of  the 

second  is  more  difficult  to  evaluate  because  of  limited  data  — however,  bosed  on 

experience  at  reservoirs  on  the  iVtissouri  River,  a further  reduction  of  5-10  ppm  (to 

165-170  ppm)  seems  to  be  approximately  the  magnitude  of  change  which  could  be 

20 

^ expected.  The  hardness  of  water  withdrawn  from  a ivleramec  reser/oir,  therefore, 

would  probably  be  in  the  150-175  ppm  range.  A comparison  with  ground  water  having 
a hardness  of  about  300  ppm  indicates  that  the  substih;tion  of  reservoir  v^ater  for 
grourtd  water  might  well  mean  a redurftion  in  the  hardness  on  the  order  of  100-200  ppm 
of  raw  water  available  to  municipalities.  Whether  the  ensuing  reduction  in  the  costs 
of  treating  water  for  hardness  would  be  sufficient  to  balance  the  increase  in  other 
I treatment  costs  and  transmission  costs  is  a question  which  would  require  further  study. 

However,  at  the  present  time,  persons  most  familiar  with  the  municipa!  water  supply 
situation  in  this  area  do  not  feel  that  any  savings  in  municipal  water  costs  are  likely 
to  be  realized  os  a result  of  reservoir  construction. 
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Considering  the  available  alternatives/  the  expense  of  transporting  water  by 
pipeline  for  even  a few  miles  becomes  a limiting  factor  to  utilizing  woter  directly 
from  multi-purpose  reservoirs.  If,  however,  the  stream  channel  itself  con  be  used 
as  a natural  aqueduct  to  transport  the  water  from  reservoirs  to  the  point  of  demand, 
transportation  costs  would  be  non-existent.  Two  upper  basin  cities.  Union  and 
St.  Clair,  along  with  all  of  the  listed  lower  basin  cities  might  be  physically  in  a 
position  to  benefit  from  such  increases  in  the  dependable  supply  of  water  available 
from  the  river.  However,  in  order  for  there  to  be  any  economic  benefit  to  these  two 
cities  from  such  increases,  it  would  be  necessary  to  show  that  existing  actual  or 
potential  sources  of  supply  are  inadequate.  Such  » not  the  case.  At  Union,  the 
lowest  streomflow  recorded  during  the  period  of  record  (1921  to  1958)  is  1 1 cfs  (7  mgd). 
This  is  well  in  excess  of  the  averoge  doily  withdrawals  of  the  city  of  Union  in  1958  — 
0.44  cfs  (0.28  mgd).  It  is  difficult  to  imagine  a serious  water  shortage  arising  at 
Union.  Mention  has  been  mode  previously  of  the  difficulty  encountered  by  the  city 
of  St.  Clair  in  obtaining  sufficient  quantities  of  ground  water  to  meet  its  requirements. 
If  this  problem  should  prove  insurmountable,  as  appears  most  unlikely,  it  might  prove 
^•**^**  f®  looh  to  surface  sources.  In  the  nearest  major  stream,  the  Meromec,  mini- 
mum flows  are  in  excess  of  131  cfi  (84  mgd).^'  St,  Clair's  present  withdrawals  are 
ie«  than  0.1  mgd.  There  is  absolutely  rro  need  to  increase  the  minimum  quantities 
of  surface  water  available  to  St.  Clair. 

In  the  lower  basin  the  present  withdrawals  from  the  Mteramec  River  for  municipal 
and  indistrial  uses  (exclusive  of  sand  and  gravel  operations)  probably  total  around 
25  mgd  on  the  moximum  day.  This  represents  about  20%  of  the  minimum  recorded 
doily  flow  of  the  Meromec  at  Eureka.  Thus  it  is  obvious  that  considerable  potential 
exists  for  expansion  of  withdrawals  from  the  river  and  from  the  adjacent  alluvial 
materials  recharged  by  the  river,  even  without  regulation  of  streamflows.^^  What 
regulation  might  well  accomplish  however,  would  be  an  improvement  in  the  overage 
quolity  of  the  water  with  a corresponding  reduction  in  treatment  costs  for  the  municipal 
ortd  industrial  users. 
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The  St.  Lou b Area;  Woter  Supplies 

The  water  supply  picture  in  the  St.  Louis  area  differs  substantially  from  that 
within  the  .Weramec  Basin.  The  area  under  consideration  (primarily  the  St.  Louis 
urbanized  area)  is  considerably  smaller,  and  more  uniformly  built  up  — resulting 
in  less  variation  of  both  supply  and  demand  from  place  to  place  within  this  area. 

(For  example;  there  ore  no  sizeable  areas  of  practically  zero  demand  such  as  exist 
in  the  ivteromec  Basin,  and  no  areas  more  than  ten  miles  removed  from  a large  source 
of  surface  water.) 

Ground  water  from  bedrock  oqu  ifers 

No  part  of  the  St.  Louis  area  is  as  well  off  as  most  ports  of  the  Meramec  Basin 
with  regard  to  supplies  of  ground  water  from  bedrock  formations.  The  yield  from  deep 
aquifers  in  this  region  is  generally  lower,  and  the  quality  almost  invariably  poorer, 
as  one  proceeds  from  the  older  strata  of  the  central  part  of  the  Ozark  Dome  toward 
the  younger  strata  to  the  north  and  east.  Ground  water  from  these  aquifers  in  the 
St.  Louis  area  is  too  highly  mineralized  for  most  uses.  At  the  present  time  its  primary 
use  is  in  some  sy^imming  pools  and  health  clubs.  Ground  water  yields  from  shallow 
bedrock  formations  or  from  unconsolidated  wind’^lown  soil  deposits  (loess)  are  usable 
by  bolated  households  or  establishments  but  ore  not  sufficient  to  meet  the  demands 
of  even  moderately  intense  urban  development.  Pollution  of  these  shallow  aquifers 
from  septic  tanks  is  tending  to  reduce  further  the  already  limited  usefulness  of  this 
source  of  supply.  Ground  woter  from  non-olluvial  sources  is  not  now  an  important 
source  of  water  in  the  St.  Louis  area,  and  does  not  appear  likely  to  gain  in  importance. 
Surface  water 

The  St.  Louis  area  is  particularly  well  situated  with  regard  to  supplies  of  surface 
water.  The  flow  of  the  Mississippi  River  at  St.  Louis  represents  the  combined  drainage 
of  the  Missour {-Upper  Mississippi  System  — an  area  of  approximately  700,000 
square  miles.  The  Missouri  River  is  utilized  especially  to  supply  the  needs  of  St.  Loub 
County.  The  Mississippi  below  Its  confluence  with  the  Missouri  is  the  primary  source 
of  supply  for  the  cities  and  industries  of  St.  Louis  and  its  Illinois  suburbs.  The  average 
daily  flow  of  the  Miuouri  River  at  Hermann,  Missouri  for  the  period  1898-1958^^ 
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51,000 mgd  ond  th*  raeerdM  miniimim  doily  flow  2,720  rngd.  For  tho  Mlatlnippi 
ot  St.  loub  (which  includo  the  flow  of  the  Mhiouri),  tho  ovoiago  flow  for  tho  poriod 
18SN1956wos  1 13, 000  mgd  ond  tho  rocordod  minimMn  doily  flow  11,600  mgd. 

Tho  loigoit  omounti  of  water  oro  ovailoblo  in  tho  bto  spring;  tho  smolloct  omounti 
in  autumn  and  winter.  (See  Figure  3). 

Ground  wo  tor  from  otiuviol  deposits 

Supplies  of  oiluvioi  water  In  tho  St.  Louis  oroo  are  iikowlso  abundant.  Tho 
floodplains  of  tho  Missouri  and  Mississippi  are  wider  them  that  of  tho  Moromoc  and 
provido  a largo  area  over  which  abundant  supplies  of  water  con  bo  obtoinod  from 
shallow  wells.  Those  areas  are  shown  in  Figure  4.  Tho  lorgo  aroo  on  tho  illlnoh 
side  of  tho  Mississippi  is  tho  American  Bottoms.  On  tho  Missouri  side,  tho  Alton  Lake 
Bottoms  occupy  a fbirly  largo  area  north  of  tho  Missouri  River;  tho  Missouri  Volley 
Bottoms  ond  Columbia  Bottoms  occupy  snoiior  areas  south  of  tho  Missouri  River 
(and  the  Moromoc  River  Bottoms  produces  o twrrow  ribbon  of  alluvial  materbi  ot 
tho  south  ond  of  St.  Louis  County).  In  ports  of  tho  floodplain  farthest  removed  from 
tho  river,  rochorgo  of  those  urtdorground  supplies  Is  primarily  from  precipitation. 

to  tho  river,  bfiltration  from  tho  stream  itiolf  b o major  source  of  rochorgo.^^ 

Dotoilod  doto  on  tho  olluvbl  wotor  resources  oro  available  only  for  the 
26 

Amorban  Bottoms  area.  However,  enough  infoimotion  is  available  to  suggest  that 
potentbl  yields  of  alluvbl  water  b the  St.  Loub  area  b much  larger  than  present 
alluvfal  water  withdrowab. 

Water  supply  chorecterbtlcs 

The  quality  of  both  the  alluvbl  wotor  and  surface  wotor  resources  b the  St. 
Loub  orea,  whlb  not  of  the  highest,  b adequate  far  a few  uses  without  treatment 
and  for  all  uses  with  treatment.  During  a tan  yeor  perbd  (1940-1949),  dally  hardhess 
cf  the  Missouri  River  at  the  Howard  Bend  plant  of  the  city  of  St.  Loub  fn««gtd  from 
82to3afrppmwHhanovesageaf  190ppmandtaibtdttyfrQm  18  to  9,300  ppn  with 
on  overoge  of  1,670  ppm.  Water  tosiperatares  b general  were  slightly  lower  than 
these  of  the  Aforomoc  River  ot  Eureka. 
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For  th«  Missiuippi  River  of  St.  Louis/  based  on  the  some  ten  years  of  record 
at  the  East  St.  Louis  Water  Company  plant,  hardness  averaged  183  ppm  and  turbidity 
292  ppm.  Hardness  at  the  Chain  of  Rocks  plant  of  the  city  of  St.  Louis,  for  the  same 
period  averoged  188  ppm  and  turbidity  1^5  ppm.  Both  hardness  and  turbidity 
fluctuate  more  widely  than  at  the  East  St.  Louis  plant.  Figures  are  not  available 
for  median  turbidity  durmg  the  same  period.  However,  a two-year  record  (1949*1950) 
irtdicates  a median  turbidity  of  about  SOOppm  at  the  East  St.  Louis  plant,  and  about 
1/XX)  ppm  ot  the  Chain  of  Rocks*St.  Louis  piont  — figures  not  greatly  different  from 
the  mean  figures  given  above. 

The  quality  of  alluvial  water  in  the  American  Bottoms  area  varies  widely. 

Available  data  indicate  hardness  ranging  from  157  ppm  to  more  than  2l980  ppm.  In 
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addition,  troublesome  quantities  of  iron  are  generally  four>d  in  the  alluvial  water. 

Data  for  the  Missouri  Valley  Bottoms  area  are  very  limited,  but  the  quality  of  the 
alluvial  water  in  the  area  probably  varies  os  much  as  in  the  American  Bottoms  area. 

The  above  discussion,  while  not  a detailed  description  of  the  water  resources 
of  the  St.  Louis  area,  does  provide  o general  picture  of  the  quontity  and  quality  of 
these  resources. 

The  St.  Louis  Area;  Municipol  ond  Industriol  Woter  Requiremenh 

The  great  bulk  of  the  present  industriol  and  municipal  water  requirements  in  the 
St.  Louis  area  is  met  by  direct  withdrawals  from  the  Missouri  ortd  Mississippi  rivers 
and  by  withdrawals  from  the  alluvial  moterials  odjocent  to  those  rivers.  In  analyzing 
the  potential  of  the  water  resources  of  the  AAeramec  Basin  for  meeting  future  require* 
ments  of  this  area,  the  availability  artd  costs  of  alternative  sources  of  supply  must 
berasessed. 

Withdrawals 

Municipal  and  industrial  water  requirements  ore  met  by  public  agencies  and  by 
the  facilities  of  individual  industrial. usen.  Some  industries  utilize  both  sources, 
purchasing  some  portion  of  their  requirements  from  public  woter  agencies  and  supplying 
the  remoinder  from  their  own  facilities.  The  mojor  withdrawals  in  the  St.  Louis  area 
ore  shewn  In  Table  3.^ 


Table  3 

hfiAJOR  INDUSTRIAL  AND  ^.UNICIPAL  WATER  WITHD>*AWALS  IN  THE  ST.  LOUIS  AREA 

(Million  gallons  per  day  •>  average) 


PUBLIC  WATER  AGENCIES 
SURFACE 

City  of  St.  Louis 

St.  Louis  County  Water  Co. 

East  St.  Louis  & interurbon  Water  Co. 
City  of  Alton,  III. 

City  of  St,  Ci.cr! Mo. 

Other  Illinois  (non'Mississippi  sources) 

Total 


GROUND 

Kirkwood  and  Volley  Pbrk,  Mio 
Illinois  Communities 

Total 


SElf-SUPPUED  INDUSTRIAL 
SURFACE 

Union  Electric  Co. 
Other  industrial 


95<P 

20-27141 


GROUND  (oil  in  Illinois) 


Totol  Industrfal  not  Including 
Union  Electric  Co. 


Clreulor  No.  216,  p.  52.  

^ofcen  primarily  from  li-5tote  Covolopmenf  Agency,  Mississboi  Khrer  Wofr  Pollution 
lnvestj|at|of^  (1P54),  pp.  28-32.  Supplemented  by  data  from  EImM  Lotalww,  The  Role 
^ ytatar  Rescurcos  In  the  Industrlol  Oovolepment  of  the  St.  Louis  Region  (St.  Louis'! 
WosMngtan  University  Groduote  School  of  Business  Adtainistrotion,  no  dote),  p.  33. 

*Our  own  estimatos  unless  otherwise  stated.  Figures  rounded  to  the  neorest  million  gallons 

Dota  obtained  directly  from  the  ogoncy  eoncemed. 

*Apporenfiy  on  error.  Correct  figure  for  1954  is  about  43  mgd. 

Figure  In  brackots  Is  the  number  of  eommunities  or  industrim  represented. 

^ludes  the  following  plants:  Ashley  St.,  Cohokia,  Venice  Nos.  1 & 2,  and  Mound  St. 

Includes  the  plonts  in  item  g plus  the  Ataramoc  Piont,-  Units  I & 2. 

Includes  the  plants  in  item  g plus  the  Meramoc  Plant,  Unite  I,  2,  3,  A 4. 

thirty-throe  inArstrles,  nineteen  eoch  pump  on  ovarqgo  of  more  Ihon  one 
mHllon  gollens  per  day. 
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Th«  totol  astimafed  withdrawal*  in  1960  ore  slightly  more  them  1/SOOmgd. 
ApproKimately  75%  of  this  total  is  withdrawn  by  the  several  plants  of  Union  Electric 
Company  for  cooling  purposes.  Of  the  remaining  25%,  about  oneHhird  is  withdrawn 
diractly  by  industries  for  various  purposes,  and  the  rest  by  pubi  ic  water  systems  for 
domestic  and  industrial  purposes.  Only  a vnall  portion  of  the  water  withdrawn  is 
actually  "consumed”.  The  remainder  is  returned  to  the  Mississippi  River  after  use. 
Sources  of  supply 

Most  of  the  water  supply  of  the  St.  Louis  area  is  taken  from  the  Mississippi  and 
Missouri  rivets.  All  of  the  water  used  for  cotKlenser  cooling  of  steam-powered  electric 
generating  plants  comes  from  the  Mississippi.  Similarly,  most  of  the  water  used  for 
industriol  purposes  comes  from  the  Missbsippi  or  from  the  alluvial  materials  which 
border  it.  The  East  St.  Loub  and  Interurbon  Water  Company,  which  supplies  much 
of  the  Illinois  part  of  the  metropoliton  area,  obtains  its  water  from  the  Mississippi. 

The  city  of  St.  Loub  obtains  about  two-thirds  of  its  water  from  the  Mississippi,  and 
the  rest  from  the  Missouri.  The  St.  Loub  County  Water  Company  obtains  most  of  its 
water  from  two  Missouri  River  plonh.  The  remainder  comes  from  the  Meromec.  The 
cities  of  Kirkwood  otkI  Valley  Pork  olso  obtain  their  water  from  the  Meromec  or  the 
olluvial  materials  bordering  it. 

Copabiiity  of  the  Mississippi  River  to  meet  demorKb 

Since  more  than  90%  of  the  withdrawals  in  the  St.  Loub  area  ore  from  the 
Mbsbsippi,  and  since  most  of  the  area  not  supplied  by  thb  source  b near  enough  to 
be  supplied  If  neeessory,  the  relation  of  the  St.  Louis  area  demand  to  the  supply 
available  from  the  Mississippi  River  will  be  eMomirred  in  more  detail. 

The  doto  eenloinad  In  Table  3 reflect  average  water  withdrawols.  In  relation 
to  the  average  stieomflow  of  the  Mbsbsippi  at  St.  Loub,  i.e.,  1 13,000  mgd,  the  total 
withdrawal  In  I960  represenb  between  1%  and  2%. 

Average  dolly  withdrowob  do  not,  of  course,  indicate  the  maximum  demand 
ploeed  on  the  water  resources  of  the  river.  Nor  does  the  average  doily  streamflow 
indicote  the  minimum  conditions  of  supply.  For  the  Mbsbsippi  River  at  St.  Loub  the 
minimum  dolly  flow  b 1 l,600mgd,  on  Oeceetber  21-23,  VB63.  With  respect  to  thb 
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Riinifnufn  rscofdvd  doily  flow^  tho  totol  withdrawal  is  about  14%,  AssmninQ/  for 
illuttrativ*  purposes,  o maximum  demand  equal  to  150%  of  the  average  demand,  or 
obout  2,430  mgd,  thb  represents  approximately  21%  of  the  minimum  recorded  flow 
of  the  Mivissippi  River  at  St.  Louis. 

There  is  little  likelihood,  however,  thot  the  day  of  maximum  water  demand 
would  coincide  with  the  day  of  minimum  streamflow  — in  foct,  it  is  very  nearly 
impossible.  The  minimum  recorded  daily  flow  occurred  in  December.  Maximum 

domandi  in  the  St.  Louis  area,  on  the  other  hand,  usually  occur  during  July  and 
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August.  In  the  25  years  of  record  since  1933,  the  lowest  daily  streamflow  recorded 

on  the  Mississippi  River  at  St.  Louis  during  the  four  months  of  peok  water  demand, 

Arne,  July,  August  and  September,  was  39,700  efs  (25,600  mgd)  on  August  28,  1936. 

This  represents  about  ten  times  the  peak  daily  demand  in  1960.  Average  doily  flows 

len  thon  50,000  cfs  (32,000  mgd)  were  registered  only  about  2%  of  the  tkne.  No 

doily  flow  less  than  50,000  cfs  (32,000  mgd)  has  been  recorded  since  1940.^ 

The  seasonal  distribution  of  both  supply  (streamflow)  and  demand  (withdrawals) 
is  shown  in  Figure  5.  Line  Am  depicts  minimum  recorded  monthly  flows;  line  Ad, 
the  minimum  daily  flow  recorded  during  those  mentis;  line  Bo,  the  present  mean  annual 
rate  of  water  withdrawal;  line  Bm,  the  present  mean  monthly  rate  of  withdrawal  based 
on  the  assumption  that  the  total  St.  Louis  area  demand  fluctuates  In  the  same  manner 
os  the  overage  monthly  withdrawals  of  the  St.  Louis  County  Woter  Company;  and 
line  Bd,  the  present  peak  daily  rate  of  withdrawal  allowir^  the  shope  of  the  curve 
to  be  determined  by  the  St.  Louis  County  Water  Company  data  and  the  amplitude  of 
the  fluctuation  to  be  controlled  by  data  from  the  City  of  St.  Louis  Woter  Deportment 
with  respect  to  the  difference  between  overage  onnual  demonds  and  peak  dally  demanob. 
Average  monthly  demand  during  July  and  August  was  found  to  exceed  the  average 
orsMol  demand  by  2S%*30%.  Water  detirand  on  the  peak  day  was  fourtd  to  enteed 
overage  onrsMl  demand  by  amounts  ranging  from  30%  to  almost  60%  (and  averoaina 
obout  40%).® 

The  most  readily  available  (ond  in  some  coses,  the  only)  doto  on  the  seasonal 
flueluoHon  of  woter  supply  ond  demand  ore  given  in  terms  of  monthly  overages  — 
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minimum  monthly  flows,  overage  monthly  withdrawals,  etc.  The  use  of  these  data 
would  be  satisfactory  for  comparison  of  supply  and  demand  if  it  were  possible  to 
average  out  variations  in  supply  by  means  of  storage  facilities  sufficient  to  handle 
the  itKrement  of  demand  over  supply  for  those  periods  during  which  short-term 
demand  is  above  the  monthly  average,  or  short-term  supply  is  below  the  monthly 
average  (or  both).  Storage  facilities  of  this  size  are  not  now  available  in  the  St.  Louis 
area.  The  water  storage  facilities  of  the  city  of  St.  Louis  (including  both  filtered 
water  and  water  in  the  process  of  treatment)  are  equal  to  two  times  the  peak  daily 
demand.  Those  of  the  St.  Louis  County  Water  Company  are  considerably  less.  In 
other  words,  the  critical  period  for  consideration  of  the  supply  of  water  is  less  than 
one  month,  but  more  than  one  doy  — probably  on  the  order  of  several  days  to  one 
week.  This  should  be  kept  in  mind  in  this  discussion  in  which  monthly  and,  in  some 
cases,  daily  figures  were  used  because  these  were  the  only  ones  available. 

On  the  basis  of  these  estimates  of  seasonal  fluctuation  of  demand,  the  total 
demand  which  can  be  met  with  the  available  supply  in  the  absence  of  storage  facilities 
can  be  derived  by  graphically  increasing  the  demand  until  some  part  of  the  curve 

i 

t depicting  demand  intercepts  part  of  the  curve  depicting  supply  (Figure  5).  This  is 

shown  in  line  l>n.  When  the  mean  annual  rate  of  water  withdrawal  in  the  St.  Louis 
(I  ine  0^  reaches  2 1 , 000  mgd  (32, 500  cfs),  the  withdrawals  during  the  months 
I of  August,  September,  October  and  December  will  coincide  approximately  with  the 

ip  minimum  mean  monthly  flow  recorded  for  the  Mississippi  River  at  St.  Louis  during 

I those  months  since  1861 . Other  months  would  hove  a surplus  over  needs  which  range 

I from  20%  (Jonuory)  to  200%  (April).  Comparison  with  the  present  rate  of  withdrawals 

t for  all  purposes  in  the  St.  Louis  areo  (1,620  mgd)  shows  demand  to  be  less  thon  8% 

of  Hw  moximum  which  could  be  satisfied  without  storage  (21,000  mgd).^  Comporlsan 
wHh  the  present  rote  of  withdrawals  by  orgonizotiom  other  than  Union  Electric  Com- 
pany (340  mgd)  shows  demand  to  be  about  1 .6%  of  the  maximum  which  could  be 
satisfied  without  storage. 

An  analysis  of  water  demands  as  compored  with  minimum  daily  flows  (Ad)  is 
meradiffieultbecauseof  the  lock  of  data.  However,  on  the  basis  of  available  data. 


it  appeals  that  December  (with  a minimum  recorded  daily  flow  11,600  mgd)  is  the 
critical  month.  Since  peak  daily  demand  (Cm)  in  that  month  is  slightly  above  the 
aveioge  doily  demand  for  the  year  (Ca),  an  aveioge  demand  of  about  10, 000  mgd 
con  be  handled  without  storage  and  without  undue  difficulty.  (See  Figure  5.) 

Present  withdrawals  for  all  purposes  in  the  St.  Louis  area  (1,620  mgd)  are  about 
16%  of  this  amount;  withdrawals  other  than  those  of  Union  Electric  Company  are 
slightly  more  than  3%  of  this  amount.  For  reasons  pointed  out  previously,  the  most 
logical  time  period  to  consider  is  less  than  a month  but  more  than  a day.  The  most 
reasonable  estimate  of  the  relationship  of  present  total  demands  to  total  supply  is 
on  the  order  of  8%  (monthly  data)  to  16%  (daily  data)  dependirtg  on  the  period  used. 

Copobility  of  the  <v>issouri  kiver  to  meet  demonds 

Vvith  respect  to  the  tViissouri  kiver  os  a source  of  supply  for  the  St.  Louis  area 
the  situation  is  similar.  Withdrawals  from  the  iviissouri  River  in  I960  in  the  St.  Louis 
area  ortd  in  St.  Charles  and  vicinity,  totaled  less  than  100  mgd.  The  average  daily 
discharge  of  the  iv.issouri  kiver  at  Hermann,  iVkissouri  is  51,600  mgd.  The  minimum 
doily  flow  recorded  since  1928  is  2,720  mgd,  the  latter  occurring  Jonuary  10-12, 

1940.  The  total  withdrawals  from  the  iVtissouri  River  for  municipal  and  industrial 
purposes  then  represent  less  than  1%  of  the  average  doily  flow  and  less  then  4%  of 
the  recorded  minimum  daily  flow. 

Additional  flows  from  the  rvieromec  are  available  and  are  utilized,  but  they 
make  up  only  a small  portion  of  the  amount  available  from  the  /v.inissippi-Anissouri 
system.  (See  Figure  3.) 

Effect  of  streamflow  regulotioo 

The  preceding  comparisom  are  based  on  existing  streamflow  records  and  there- 
fore reflect  only  past  conditions.  The  construction  of  streamflow  regulating  works 
on  the  upper  reaches  of  this  river  system  con  result  in  a changed  stream  regimen. 

Such  a system  of  regulating  works  has  been  proposed  for  the  Ar>issouri,  and  is  already 
well  on  the  woy  toward  completion . The  completed  system  will  consist  of  six  major 
reservoirs  with  a combined  capacity  of  about  75  million  acre-feet  on  the  main  stem 
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cf  AaMiaoiirl,  ondo  iotpa  m— bff  iwllf  iwr¥olw  cn  iwrow  trfctflartai. 
Fort  Podc  Rotorvolr  woi  complotod  In  1998,  four  olhofi  worn  ploeod  in  oporatlon 
Airing  Iho  *50^,  and  llw  raMoInlng  ono  will  bo  cowplotod  during  Iho  oorly  *60^, 
Wolor  b tiDfod  in  IImm  lOMivolfi  during  Iho  lofo  winlor,  igrlng,  ond  oorly  MMoior 
to  bo  rolooMd  for  Irrlgutlen  and  powor  production,  and  to  maintain  minimum  flowo 
downrifoom  for  novigation  and  for  dilution  purpoMi  during  nonoolly  iowwotor 
porlodi.  Although  Mmo  of  tho  water  divortod  for  irrigation  b kit  through  O¥apora- 
tkn  and  tianspiratton,  much  of  It  b rolumod  te  Iho  rivor  through  toopogo.  Tho 
navigation  rolooMi  will  obviously  holp  to  lobo  Iho  minimum  flows  during  Iho  nov* 
igotion  sooBon.  It  has  boon  ostfaMtod  that  during  Iho  drought  yoois  of  tho  middio 
'50's,  OB  much  as  half  of  Iho  total  stroamflow  of  Iho  Mbshsippi  ot  St.  Loub  dur- 
ing tho  monllo  of  Soptembor  and  Octebor  was  ottrAuteblo  te  roloasoB  from  tho 
gu 

MbBouri  roBorvebs.  A$  pobilod  out  provlouBly,  sinco  I940no daily  flow  lorn 
dwn  3O0OOO  cfc  hof  boon  rocotdod  on  tho  MlmltBlppi  Rivor  at  St.  Loub  dbrlng 

pSvIQOo 


It  should  bo  mophoBliod  that  Iho  moiorportlcn  of  dtewllhdrawab  far  municipol 
ond  IndUBlriol  uMi  b non-ecnMooptivo*  Qo  Ihooidorof  99%of  Ihowoteforllhdtwwn 
far  cooling  pupoioi  b totemod  to  titoaoo*  About  90%  of  Iho  ownicipid  orMubowol 
b Ifcowbo  rotemod  te  stwomi  ond  ground  wotorboilni  and  honco  b ovotfablo  far 
For  indUBiriol  usos  odior  than  ooolfagt  Iho  idum  ilawB  vary,  but 
sllythoyarobotwomi85%and9g%olthomllhdBOWob,  1hobasleallyncn« 
nature  of  munkipol  and  Industrial  domonfa  moono  fact  dio  idum  tiooi 
opo  ouoWohlo  far  ro-uso  by  orgonliatlont  dewiotroom  — bodiwldilodiott*  loub 
onoondboyond.  Mow  significant  thoso  rotum  flawo  will  bo  doponrb  opoo  dm  pohib 
otoAkbdMwilhdrawaboiomadolniolaHontolhopobiloofiolunillow*  Hmm 
Ote  notdwqo  oay  to  ditowibii.  From  Ihobostovolleblosourooof  falowiilfonoo 
St.  Loub  aroo  wotor  supply  and  polKitkn  proMoos,^  mthiotii  bovo  boon  obiobwd 

far  fao  ovorogo  omount  of  offluont  dbehorgod  iram  dig  OM|ar  outfall  iowom  fa  dm 
bteris  aroo  fa  1952,  as  wdi  os  far  dio  water  wididtewob,  from  dioso  ddiu  • 
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graph  has  been  prepared  showing  the  cumulative  effect  of  major  surface  water 
withdrawals  and  returns  — those  averaging  more  than  5 mgd.  (See  Figure  6.) 

The  situation  in  1952,  as  reflected  by  these  data,  is  indicated  by  the  upper  dashed 
line.  One  immediote  observation  is  that  return  flows  are  greater  than  surface 
water  withdrawals:  the  amount  of  surface  water  available  downstream  from  St. 

Louis  after  all  of  the  area  users  have  been  satisfied  is  greater  than  the  amount 
available  upstream  before  any  users  in  the  area  have  made  withdrawals.  This 
effect  might  be  due  to  (1)  inaccurote  estimates  of  withdrawals,  (2)  measurement 
of  return  flow  during  periods  which  were  not  typical  of  the  whole  year,  (3)  con- 
tributions to  return  flow  of  water  withdrawn  from  the  alluvial  materials  of  the 

American  Bottoms  which  is  then  discharged  into  the  sewers  after  being  used  for 
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industrial  purposes,  (4)  inflows  resulting  from  local  precipitation,  (5)  water 

withdrawn  from  the  iVieramec  River  but  returned  to  sewers  emptying  into  the 
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Missouri  or  Mississippi,  and  (6)  some  combination  of  the  preceding.  Assume, 
for  the  purposes  of  argument,  that  reasons  (3),  (4),  and  (5)  account  for  none  of 
the  discrepancy.  Figure  6 would  then  have  to  be  adjusted  for  errors  of  estimation 
or  measurement.  The  lower  (short  dashed)  line  in  Figure  6 shows  withdrawals  otKl 
ntumt,  using  I960  estimates  for  withdrawals,  and  adjusting  returns  from  outfall 
sewers  to  equal  90%  of  the  total  surface  water  withdrawals  (other  than  those  of  Union 
Electric  Company).  This  line  depicting  the  balance  between  average  withdrawals 
and  returns  at  any  point  along  the  river,  nowhere  dips  below  -700  mgd.  Therefore, 
a flow  of  700  mgd  would  be  sufficient  to  provide  for  all  the  uses  of  the  St.  Louis 
area  (except  rravigation).  Under  such  conditions,  however,  without  sufficient  flow 
to  provide  the  desired  dilution  water,  the  water  downstream  from  the  outfall  sewers 
would  be  of  extremely  poor  quality,  assuming  present  lack  of  treatment  fbcilities. 
ForturMtely,  for  those  uses  in  which  water  quality  (other  than  temperature)  is  im- 
portant, a large  portion  of  the  withdrawals  are  made  above  the  point  of  ony  major 
source  of  waste  diseharge,  aiwJ  the  major  remaining  withdrawals  are  made  in  the 
reach  which  is  affected  by  only  the  sewers  of  Alton  and  Wood  River  — which 

contrSxite  only  about  10%  of  the  total  sewage  flow,  and  a smaller  proportion  of  the 
40 

total  pollutants. 
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This  figure  of  700  mgd  total  requirements  means  thot  a flow  of  water  equal  to  some- 
what less  than  half  of  the  total  withdrawals  (1,620  mgd)  would  be  sufficient  to  sotisfy 
the  water  needs  of  the  St.  Louis  area  on  the  average.  The  percentages  (of  piralc  demands 
to  minimum  flows)  used  in  the  previous  analysn  should  therefore  be  reduced  accordingly. 
Lsing  the  figure  of  700  mgd  for  total  water  requirements  in  the  St.  Louis  area,  a com- 
parison with  the  critical  monthly  flow  (21, 000 mgd)  and  the  critical  daily  flow  (10,000 mgd) 
indicotes  that  present  requirements  ore  between  3%  and  7%  of  the  critical  minimum 
flows.  Stated  another  way,  St.  Louis  oreo  water  requirements  could  be  increased 
15  to  30  times  without  incurring  shortages  even  at  the  critical  periods  (bosed  on 
past  records).  When  account  is  taken  also  of  the  effects  of  streomfiow  regulation 
on  the  critical  flows  of  the  hduissippi  River  at  St.  Louis,  still  greater  ktereoses 
are  possible.  If,  os  appears  IRcely,  the  amount  of  water  available  during  critical 
periods  is  roughly  doubled  because  of  streomfiow  regulation,  the  non-novigational 
water  requirements  of  the  St.  Loub  area  could  be  on  the  order  of  50  times  as  great 
os  present  requirements  without  exceeding  the  ovoiloble  supply  even  at  the  critical 
periods. 

Based  on  the  previous  data,  it  appears  obvious  thot  the  water  resources  avail- 
able in  the  St.  Louis  area  are  quontitotively  odequote  to  meet  a vast  expansion  in 
industrial  and  municipal  demarKk.  As  the  Geologicol  Survey  has  stated,  **The 
surfoce  water  supply  ovoiloble  to  the  area  for  exceeds  the  requirements  for  ony 
foreseeobie  industrial  expansion. 

f 

Quality 

VVhot  is  more  of  a problem  in  the  area  thon  water  quantity  is  water  quality. 

In  o survey  of  manufacturing  plants  in  the  St.  Louis  area  conducted  by  the  Con- 

servotion  Foundation  and  the  National  Association  of  •Wonufocturers  about  ton  yeors 

ago,  40%  of  the  plants  responding  sold  thot  pollution  in  the  St.  Loub  oreo  was 
42 

moderate  or  serious.  Since  that  time  little  change  has  token  ploce  in  the 
I situotion.  The  impact  of  woter  quolity  on  municipal  ond  industrial  water  demands 

I b reflectod  in  the  costs  of  making  the  quality  of  the  woter  odequote  for  the  vortous 
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purpoMi  for  which  it  is  fo  bo  used.  Almost  oil  water  supplies  in  the  St.  Louis  area, 
except  those  used  for  cooling,  are  treated  before  use,  whether  the  source  is  surface 
or  ground  water.  Since  surface  water  for  industries  is  available  in  large  quantities 
from  the  rivers  at  zero  cost  at  their  intakes,  the  cost  of  self^supplied  irMhistrial 
water  consists  only  of  treatment  cosh . Likewise  the  cost  of  surface  water  at  the 
intakes  of  the  planh  of  the  city  of  St.  Louis,  the  St.  Louis  County  Water  Company, 
and  the  East  St.  Louis  and  Interurbon  Water  Company  is  zero.  The  cost  of  water 
supplied  to  customers  in  12  large  U.  S.  cities  in  the  late  19S0's  is  shown  in  Table  4 . 

St.  Louis  is  near  the  tap  of  the  list.  Only  three  large  cities,  Cleveiand,  Chicago, 
and  Detroit,  (all  located  on  the  Great  Lokes)  hod  cheaper  water  rotes.  Although 
St.  Louis  water  rotes  have  increased  since  this  list  was  compiled,  so  have  the  rates 
of  several  other  cities  the  relative  order  remains  approximately  the  same. 

Cost  of  supplies  from  ground  and  alluvial  water  sources  varies  with  the  depth  to 
waier,  aquifer  productivity,  quolity  of  the  water,  arrd  the  desired  degree  of  treot** 
ment.  According  to  the  St.  Louis  Chamber  of  Commerce,^^  "a  reliable  estinxite  for 
pumping,  aerating,  fiitering  artd  chlorination  rartges  between  three  and  four  cents 
per  1,000  gallons.”  These  water  costs,  to  municipal  and  industrksl  users,  are  in  lirte 
with  those  in  other  major  metropolitan  areas. 

From  the  foregoing  it  should  be  apparent  that  the  water  resources  of  the  A^ieramec 
oro  siTull,  quantitatively,  in  comparison  to  those  of  the  neor*hy  Atissouri  artd  Mississippi 
Rivera  ■>'  the  overage  daily  flow  of  the  Ateramec  being  about  2%  of  that  of  the 
Mississippi  at  St.  Louis.  Nor  b the  quality  of  Aleramec  water  significantly  different 
from  that  of  the  Alissouri  and  Mississippi  water  from  the  standpoint  of  treatment  costs. 

In  fact,  the  expertse  of  treating  A>eramec  River  water  oppears  to  be  slightly  greater 
„ than  that  of  treating  Atissouri  or  Aiissiisippi  water.  Based  on  a rough  estimate  for 
1960,  Meramec  River  water  cosh  about  one  dollar  more  for  each  million  gallons 
treotsd  thon  does  Aiissouri  River  woter.  Although  the  Aieramec  contains  less  sediment, 
the  sediment  is  of  o type  more  difficult  to  remove  than  thot  of  the  Missouri  and 
Mississippi.  Similarly,  the  magnesium*type  hardness  of  Aieramec  water  is  more 
difficu't  to  remove  than  the  calcium~type  hordheei  of  the  other  surface  supplies. 


34 


i 

I 

I 

L 


! 


Tabu  4 

COMPARATIVE  WATER  RATES 
1957  (?) 

Annual  Motarod  Wotor  Bills  In  12  Largest  Cities  for 
Selected  Volumes  of  Woter  • 5/B  Inch  Meter 


city 

10,000  Cu.  Ft. 

Rate/lPOO  gali 

Cleveland 

( 10.40 

$ .138 

Chicago 

12.60® 

.156 

Detroit 

12.06 

.161 

St.  Louis 

14.60 

.195 

Fhiladelphio 

14.70 

.196 

New  York 

15.00 

.201 

Washington 

15.08 

.201 

^ — 

puiimi 

20.00 

.266 

Los  Angeles 

21.76  “ 

.269 

Pittsburgh 

26.92 

.385 

Baltimore 

25.00 

.333 

Son  Francisco 

34.30 

.456 

**Mlsceilaneous  soivice  ehoiBei  included. 

Source:  Phlladei'phU  Bureau  of  Municipal  Reseoreh»  Pwwwyluanla  ieonoiiiy  league. 
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Tosit  and  odor  probloms , rmulting  from  laniloiy  and  biological  «Mtter  quality, 
oppoor  to  bo  the  major  objoetion  to  Missouri  and  Mississippi  wotors.  knprovomonts 
in  those  aspects  of  water  quality  con  be  expected  to  result  from  the  construction  of 
sewage  and  waste  treatment  fociiities  by  the  ioiger  upstream  cities  and  industries 
Thus,  from  neither  a quantity  nor  from  a quality  stortdpoint  does  h>eromec  water  hove 
any  inherent  advantage  over  the  alternative  sources,  os  for  os  meeting  the  industrial 
and  municipal  demands  in  the  St.  Louis  area  is  concerned. 

local  requirements 

However,  the  /vmiomec  os  o source  of  supply  does  have  advantages  in  relation 
to  local  demonds.  The  growth  of  the  St.  Louis  urbanized  area  is  predominantly 
westward  — away  from  the  btissiuippi  River.  These  newly  built-up  areas  could 
be  supplied  from  the  /v.ississippi,  but  because  of  the  costs  involved  in  transporting 
water  it  may  prove  — and  already  has  proved  — advantageous  to  look  to  other 
sources  of  supply.  To  the  rwrthwest,  where  the  most  intensive  development  will 
probably  take  place  because  of  the  more  level  land,  St.  Charles  County  and  rtorthem 
St.  Louis  County  can  be  supplied  from  the  •Viissouri  River  without  difficulty.  To  the 
southwest,  hilly  land  limits  the  intensity  of  development.  Parts  of  the  two  counties 
involved  (eastern  Jefferson  County  and  southeastern  St.  Louis  County)  ere  closer 
to  the  Mississippi  than  to  the  Nmromec  or  any  of  its  major  tributaries,  and  could 
probably  be  supplied  most  economically  from  the  Mbsissippi.  The  western  port  of 
Jefferson  County  and  the  southwestern  part  of  St.  Louis  County,  however,  lie  largely 
within  the  Kieromec  Basin,  and  would  probably  find  Nieromec  woter  the  most  eco- 
nomical source  of  supply.  For  example,  the  decbion  to  locate  the  newest  plont  of 
the  St.  touis  County  Water  Company  on  the  Meromec  was  based  on  minimizing 
dbtrR)ution  costs  to  customen  of  the  compony  in  the  southern  part  of  St.  Loub 
County.  As  demands  continue  to  increase  in  that  portion  of  the  St.  Loub  oreo  and 
in  the  lower  hteromec  Bosin,  the  ecorKxnic  odvantages  of  the  water  resources  of  the 
Kmamee  to  serve  those  areas  are  likely  to  increase. 

The  populoticn  of  thb  area  might  reach  500,  (XX)  by  the  year  2000  (see 
populoticn  estimofes  in  Table  2).  Assuming  on  overage  demend  of  140  gallons 
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p«r  pcraon  per  day,  a flow  of  70  mgd  would  be  required.  It  it  thii  segment  of 
the  St.  Louis  oreo  water  demand  which  might  reasonably  be  met  by  tvieramec  Batin 
water.  This  pouible  average  demand  of  70  mgd  opproochet  the  limit  of  127  mgd 
set  by  the  minimum  recorded  doily  streomflow  of  the  ^leramec  ot  Eureka  and  tur> 
posset  the  limit  set  by  the  "low-flow  requirements”  of  the  stream.  Under  conditions 
of  moximum  demand  the  problem  will  be  more  critical.  These  difficulties,  should 
they  arise,  could  be  ameliorated  by  increasing  the  low  flows  of  the  Aieromec  with 
releoses  of  water  impounded  in  upstreom  reservoirs.  The  problem  Is  discussed  at 
greater  length  in  the  final  section  of  this  chapter. 

Future  trends 

Although  the  basic  data  included  in  Table  3 refer  to  water  withdrawals  in  the 
St.  Louis  oreo  for  the  early  I95(b,  the  odditionai  withdrovrals  which  are  now  occurring 
in  the  area  would  not  alter  the  water  supply  picture  significantly,  either  in  terms 
of  the  relative  abundance  of  water  in  relation  to  demand  or  in  terms  of  relotive 
costs  of  treating  hteromec  water  compared  to  Ariissouri  ond  Anissiisippi  vrater. 

Gross  woter  requirements  for  the  city  of  St.  Louis  and  St.  Louis  County  woter 
systems  combined  have  increased  by  approximately  50%  during  the  past  20  yeors, 

OB  shown  on  Figure  7 . If  this  rate  of  increase  were  to  contirwe  for  the  next  forty 
years,  the  woter  requirements  of  these  two  systems  would  about  double  between  now 
and  the  errd  of  the  century.  However,  the  withdrawals  by  the  city  department  and 
rtie  County  Woter  Company  comprise  only  about  15%  of  the  total  water  withdrawals 
in  the  St.  Louh  oreo  for  oil  purposes.  Assuming  the  same  proportion  were  to  exist 
at  the  errd  of  the  century,  total  withdrawals  in  the  St.  Loub  area  would  total  slightly 
mere  than  3,200  mgd.  This  would  represent  less  than  3%  of  the  overage  daily  fk  r 
of  the  Kiimissippi  River  at  St.  Louis  otkI  about  28%  of  the  recorded  minimum  flow. 

At  this  time  there  b rro  vray  of  knowing  how  valid  is  the  assumption  of  doubling  of 
demand  in  the  next  forty  yeors.  What  the  above  does  show  however,  is  thot,  even 
with  dot^ling  or  quodrupling  of  kKiustrial  and  municipal  water  requirements  bi  the 
St.  Louis  area,  there  will  be  odequata  supplies  of  water. 


WbIw  Supply  i<n<n»  Iw  llw  tewnr  Arkiwuc  Atm 

Atolclpol  and  hduitrbl  wottf  fQMiwwnli  b lh»  Miowc  Boiin 

At  indicottd  In  Am  praviout  dbomion#  only  In  fht  lowtr  hmam^c  lain  In 
St.  Louli  and  northam  Jaffaton  eountloi  li  dtoia  ony  peiilblllty  of  odilovlng  aola 
•apply  btnaflli  within  lha  nml  half-ctnlay.  Thli  oroo#  haalnaltaf  lafftnad  to 
01  tha  Uwor  Mtiawtc  Wotor  Sorvica  Ana  (LMWSA)  h dofintd  m Ihot  portion  of 
Ao  boitn  north  ond  ooit  of  o lino  botwoon  WOthb^ton  and  DoSoto. 

Tho  typieolly  utod  planning  porlod  of  50  yoon  wot  odoptod  for  tho  invwHgation 
of  oltomotlva  wotor  roiourcai  tytlnM  h tho  Moiomoc  8aib).  litlw>otot  of  populoHon 
woro  Modo  for  vorlow  •ub«onas  of  tho  Mafomoe  Bo9bi.  Tho  ottboolM  tDoli  hilD 
oeeount  proipoetlvo  grawA  stanoitno  from  tho  growing  St.  Leuli  MotropoiHon  Aroo 
ond  from  eunont  ond  onMcIpotod  mining  dmmlopmonli,  potanHol  rocrooticn  dmrolop 
monti,  and  eontbiuod  InerooM  In  light  Indintiy  In  tho  bain. 

Wotor  roqukomonli  for  munklpol  ond  bidatrlol  ua  — Including  domaHc, 
oomoMfolol,  munlelpol«  and  light  bidatry  — woro  Aon  atbootod  for  ooch  Mibnaroa 
on  Ao  ball  of  por  eoplto  rogulromonli.  Tho  total  onnuol  roguliomont  bi  ony  ghmn 
yoa  ogoolod  tho  atbatod  pepulotlon  bi  Ao  yoa  ondHpllod  by  Ao  ootlnotad  pa  ooplta 
tagubooMnt  In  Ao  yoa.  Tho  pa  ooplta  roqubomont  wa  onunod  to  laroao  lbioorly« 
otoata  of  ono  gallon  pa  capita  pa  day  (gpcpd)ooelffOV«firom  lOOgpepd  biobout 
1970  to  140  gpepdin  about  2010.  Nr  capita  faitaho  biobnoit  oil  towa  In  Ao  bah 
licuifontlylomthonlOOgpdMIompadiy),  ahdIootadhIbbloS.  hiuml 
aoa#  boA  fmm  and  non-fonn«  Ao  pa  ooplta  dolly  htako  currently  ovoaga  lom 
Aonholf  of  Ao  lOOgpdfIgua. 

Iho  laulthg  athota  of  municipal  and  hdatrtal  wotar  rcgulamati  fa  Ao 
fiiamiB  iortn  con  bo  fthoactarliod  oppaiilmotaly  a modlum  atimota.  If  b 
doiAAd  If  Ao  unit  hlAo  will  roach  MOgpd  ova  Ao  SO-yoa  paled  onoept  porhopi 
h Ant  portion  of  Ao  bah  h motapollton  St.  Loub. 

Wotar  aailtomonli  h Ao  tMWSA 

Iho  iMWSA  h on  oan  hta  which  moircpolltan  St.  Uub  li  onpondho»  prboorlly 
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for  imidontial  um  but  olso  for  temo  induitriol  um.  In  this  oroa  tbo  confinod  ground 
water  oquifora  produco  smollor  yioldi  than  in  Itw  romoindor  of  Hm  basin,  and  arm 
lalotivoly  highly  minoralizod.  In  addition,  tho  shollow  unconfinod  oquifon  in  tho 
uffaanizing  areas  ore  increasingly  subject  to  contamination.  Hence,  the  lAiVVSA 
will  be  dependent  on  surface  water  supplied  to  meet  future  water  requirements  for 
municipal  and  industrial  uses  in  the  area. 


By  2000  it  is  estimated  that  in  the  LviWSA  a population  of  about  500,000  will 
require  water  along  with  the  ossocioted  commercial,  public,  and  light  industrial 
activities.  Growth  in  population  and  In  water  requirements  is  expected  to  increase 
more  rapidly  in  the  post-1980  period  than  in  the  pre-1980  period. 

The  St.  Louis  County  Woter  Company,  which  currently  provides  water  to 
Ihot  portion  of  the  L/ViWSA  which  already  meets  it  municipal  and  industrial  water 
requirements  from  surface  water,  has  definite  plans  for  exportsion  of  its  water  treot- 
ment  and  distribution  system.  Currently  the  Metomec  Plont  of  the  County  Water 
Company  is  operating  about  six  months  of  the  yeor.  It  b anticipated  thot  the  full 
capacity  of  the  plotit  will  be  utilized  within  several  years. 

The  population  to  be  served  from  the  Meromec  b shown  in  the  table  olong  with 
the  assumed  per  capita  daily  requirement,  the  average  daily  requirement,  and  the 
average  roquirement  in  the  moxbsum  month.  As  indicated  previously,  the  per  capita 
doily  requirement  b auumed  to  increase  lineoHy  from  100  gpcpd  in  1970  to  140 

gpcpd  in  2010.  Population  b assumed  to  increose  logorithmieally. 

Table  6 

WATER  REwUREh.ENTS  IN  THE  lAiWSA 


Year 


1960 

1970 

1980 

1990 

2000 

2010 


Population 
to  be  Served* 
(thousands) 


100 

ISO 

225 

330 

500 

750 


Per 

Capita 

Requirement 

Average 

Annual 

Requirement 

mgd 

Average 
Requirement  in 
/vtaximum  Atanth 
mgd 

90 

9 

11.7 

100 

15 

19,5 

110 

24.7 

32.1 

120 

39.6 

51.5 

130 

65 

84.5 

140 

105 

136.5 

*f 3sed  on  o logorlthmle  bicreaBefram  100(1960)  to  500  (2000) 
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Th«  ovcraga  raquiramant  in  th«  moximum  month  b boiod  on  tho  monthly 

dbtrbution  of  ^withdrawals  by  tho  St.  Louis  County  Wotor  Company  for  tho  poricd# 

SO 

I9S1*59.  Tho  dbtribution  by  months  in  torms  of  porcont  of  tho  ovorago  onnuol 
raquiromont  b shown  in  Toblo  7.  Tho  roquiromont  in  tho  moximum  month,  July,  thus 
roprosonb  about  130%  of  tho  ovorago  annual  roquiromont  and  b tho  dosign  capacity 
assumed  in  tho  computation  of  benefits  from  mooting  water  roquiromonb  in  tho 
Uf\WSA.  Ooiiy  water  roquiromonts  in  excess  of  thb  capacity  ore  assumed  to  bo 
mot  from  storage  in  tho  dbtribution  system . 

Table? 

MONTHLY  WATER  REvtUR^riENTS  IN  THE  L^iWSA 


Month  % of  Average  Annual 
_____  Roquiromont 

October  103 


^tonth  % of  Average  Annual 
Roquiromont 


PiPWIIDvr 


j 

T 

I 


r 


Oecessbor 

94 

Juno 

116 

January 

78 

July 

130 

February 

76 

Augimt 

129 

^ 

IwlQfwfi 

79 

Soptsmbor 

120 

lonofUs  fram  mooHno  wotor  roquifomonb  bt  tho  LMWSA 

Tho  oitimatod  raquiromonb  for  munlelpol  and  industriol  water  can  bo  mot 


I 


from  any  one  or  o combination  of  altamafiva  souraos,  one  of  which  would  bo 
raloosM  fram  rasatyoirs  in  tho  hiaramoc  Rosin.  Roloasos  would  logicolly  bo  mode 
bite  Rio  oxbting  stream  chonnob  fram  which  wHhdrawab  would  bo  mode  in  the 
LMWSA,  os  b done  ot  present  ot  tho  Anoramoc  Plant  of  tho  St.  Loub  County  Wtator 
Company.  Although  o rosorvoir  on  the  Big  River  might  hove  some  slight  loeoflenal 
oduanlago  In  serving  northern  Jefferson  County,  it  b assumed  thot  thotoraa  could 
also  bo  served  from  tho  Meramec  River.  Thb  assumption  b reasonable,  since  the 
County  Vdater  Company  currently  b supplying  water  from  tho  hfieramec  Rlvor  to  o 
portion  of  northonr  Jefferson  County  south  of  Rie  Meramec  River.  While  cHreet 
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wHMrawott  from  I(m  Big  Rivor  might  rMuit  in  lower  distribution  cosh/  withdrawals 
from  Iho  Kioramoc  Rivor  would  have  the  odvontogo  of  economies  of  scale  with 
respect  to  woter  treatment  cosh. 

In  evaluating  benefih  which  could  be  attributed  to  Nwramec  Basin  reservoirs 
in  meeting  water  requiromenh/  the  cheapest  alternative  source  of  on  equivalent 
supply  — the  some  amount  of  water  of  the  some  quality  with  the  some  time  dis* 
trBiution  was  used  os  a measure  of  these  benefih/  in  accord  with  traditional 
practice.  For  the  LA\WSA/  the  cheapest  alternative  source  of  water  is  grouikl  water 
from  the  olluvioi  materials  along  the  lower  hteiomec  River.  However/  there  is  on 
upper  limit  to  the  amount  of  water  available  from  this  source  urtder  present  conditions/ 
o rough  estimote  {>f  the  potential  yield  being  about  50  mgd.^^ 

In  oomputirrg  benefih  using  ground  water  os  the  alternative  source/  it  is 

assumed  that  the  dbtribution  system  would  be  about  the  same  os  the  distribution 
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system  if  water  from  hteramec  Basin  reservoirs  were  the  source.  Water  treatment 
cosh  for  grourtd  water  should  be  significantly  less  than  those  for  hWramec  River  sur- 
face water.  Ground  water  from  the  alluvial  moteriols  along  the  ivteramec  River  is 
cooler  oruf  the  temperature  range  thraughout  the  year  is  less  than  that  for  surfoee 
water.  Turbidity  of  the  ground  woter  is  virtually  negligible.  Bacteriological 
quollty  of  the  grourtd  water  is  much  better  then  that  of  the  surface  water/  even  when 
sonw  portion  of  the  ground  water  is  actually  induced  rechorge  from  the  river.  HordneM 
tench  to  be  somewhat  higher  for  ground  water.  Ahajor  treatment  cosh  for  surface  water 
stem  from  turbidity  and  sanitary  quality  problems.  In  combination/  the  vorbus  factors 
should  result  in  lower  treotment  cosh  for  the  ground  water.  With  respect  to  operating 
cosh/  the  pumping  lift  for  grorasd  water  os  a source  is  of  course  greater  them  the  head 


ogalnst  which  the  intake  pumps  for  o surface  water  source  would  operate.  However/ 
the  pumping  lift  for  wells  reiotively  close  to  the  river  h on  the  order  of  only  20  to 
40  feet. 


Without  OKtMwive  analysis/  it  appears  reasonable  to  assume  that  the  operating 
Mih  — differential  pumping  cosh  plus  treatment  cosh  for  greurKi  water  corrqnred 
with  treotMMnt  cosh  for  surface  water  — are  about  equal. 
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One*  lh«  capocity  of  tho  ovoilobio  ground  woftr  rMourcas  hot  boon  rooehod, ^ 
onofhor  altonwHve  source  must  bo  utilizod.  Two  logical  oitomotivos  oro  ovoilobio: 
(1)  singlo  purposo  woter  supply  rosorvoirs  in  tho  Moramoc  Basin/  and  (2)  withdrawals 
from  iho  ^lissouri  Rivor.  Thoso  oitomotivos  oro  iiiustrotod  in  Figuro  8.  It  oppoors 
doubtful  that  a singlo  purposo  water  supply  rosorvoir  in  tho  ^«onlmoc  Basin,  such 
os  One  at  AAoromoc  Stolo  Pork  on  tho  main  stem  of  tho  /Vioramoc  Rivor,  could 
provido  water  to  tho  LMWSA  at  costs  loss  than  thoso  involved  in  utilization  of  tho 
ivtissouri  River  for  three  reasons.  First,  the  St.  Louis  County  Vvjter  Company  already 
is  serving  a portion  of  the  LviWSA  from  the  Missouri  River.  Second,  the  Company 
has  sites  for  and  has  already  plonrwd  the  expansion  of  its  facilities  utilizing  tho 
Missouri  Rivor  os  a source  of  water.  Third,  tho  amount  of  wotor  to  bo  supplied  to 
tho  LAiWSA  from  tho  Missouri  River  would  bo  only  a portion  of  tho  total  water  roquiro- 
monts  to  bo  supplied  from  the  Missouri  River  and  hence  tho  Missouri  River  intoko  and 
trootmont  facilities  would  have  economies  of  scole  comporod  to  an  installation  on  tho 
Moramoc  Rivor  that  would  servo  only  tho  LAiWSA.  Therefore  tho  Missouri  River  was 
oHumod  to  bo  tho  second  altomotivo  source  of  water.  Tho  costs  of  obtaining  woter 
from  this  source  were  used  as  a measure  of  the  benefits  which  could  be  ottributed 


to  hioromoc  Basin  reservoirs  from  mooting  tho  odditiorMil  water  requirements  in  tho 
lArWSA,  over  and  above  thoso  supplied  from  ground  water. 

The  wotar  supply  benefits  with  tho  Missouri  Rivor  as  tho  oltomativo  source 
cotrld  bo  meaiurod  on  a without  and  with  bosis.  Tho  anolysis  would  begin  with  a 
system  irwludlng  iho  oxistirtg  ottd  definitely  plonrwd  facilities  of  the  St.  Louis  County 
Water  Company.  Tho  water  roquiromonts  to  bo  met  over  time  would  be  those  in  excess 
of  tho  eopoeity  of  the  ground  water  oquifer.  Given  those  requirementi,  costs  would  bo 
computed  for  tho  most  economical  system  to  meet  the  requirements  without  utilizing 
Iho  Kwromoc  River  above  tho  design  capocity  of  the  Meromec  Plant  of  the  County 
Water  Company,  i.e.,  doperxling  solely  on  tho  Mtissouri  River  to  meet  the  incromontal 
requirements.  This  system  would  bo  a configurotion  of  intake  and  treatment  facilities, 
tronsmissian  maim,  distribution  linos,  sterogo  tartks,  and  pumping  stotiorw.  Tho  time 
stream  of  costs  of  such  a system,  kwluding  both  capita!  otkI  operation,  mointeiMnce, 


ALTERNATIVE  WATER  SUPPLY  SOURCES  — LOWER  AAERAMEC  AREA 
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ond  r*plac«m«nt  (O  M & R),  would  repraiont  tho  cost  of  water  without  the  incremental 
UM  of  the  Meromec  River. 

Toking  the  some  assumptions  about  magnitude  and  location  of  water  require* 
ments  ir>  the  LAriWSA,  costs  would  be  computed  for  the  most  economical  system  with 
odditional  use  of  the  i\ieramec  River.  Since  the  Avwramec  River  is  closer  to  the 
LArkWSA,  presumably  the  most  economical  system  would  be  achieved  by  utilization 
of  the  water  source  closest  to  the  area  af  use.  This  system  would  include  the  existing 
and  pkmrted  facilities  of  the  County  Water  Company  plus  whatever  additions  would  be 
necessary  to  meet  the  requirements  — a different  configuration  of  intake  and  treat- 
ment facilities,  trartsmission  mains*  distribution  lines,  and  so  on.  The  difference 
between  the  time  streams  af  costs  without  using  the  Meramec  River  os  on  incremental 
source  ond  with  using  the  Afteramec  River  os  an  incremental  source,  would  be  the  tkne 
stream  of  benefits  attributable  to  surfoce  water  reservoirs  in  the  Ar'ieramec  Bosin  from 
meeting  water  requirements  in  the  LViWSA.  Implicit  is  the  assumption  on  which  the 
County  Water  Company  has  based  the  design  of  its  Meromec  Plant,  that  is,  35  mgd 
Is  the  moximum  permissible  withdrawal  from  the  Meramec  River  without  streomflow 
ougmentation. 
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Specific  wotar  supply  benefits 

The  cheapest  alternative  source  of  supply,  ground  water,  «vas  assumed  to  be 
utilized  first,  up  to  the  capacity  of  the  alluvial  materials.  As  water  requirements 
grew  over  time,  additional  wells  were  assumed  to  be  drilled  os  needed  to  meet  the 
lequiremenis.  Since  treofcnent  costs  were  estimated  to  be  equal  for  surface  and  ground 
water,  no  benefits  would  accrue  from  using  surface  water  released  from  reservoirs 
rather  than  grourtd  water.  Therefore,  no  benefits  ore  postulated  until  the  copocity 
of  the  presently  available  surface  and  ground  water  supplies  is  reached. 

When  the  capacity  of  the  ground  water  resources  was  reached,  the  incremental 
water  requirement  to  be  met  was  assumed  to  be  obtained  from  the  Missouri  River.  To 
obtain  spocific  figures  for  the  cost  of  the  ivibsouri  River  oltemotive  would  require  o 
detailed  onolysb  of  exteroive  water  dbtribution  systems  under  the  two  different  sets 
of  cenditiors  indicated  previously.  Since  such  on  extensive  study  was  net  possible. 
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fh«  ollMnotive  cost  «voi  bated  on  Hie  current  minimum  rate  of  the  St.  Loub  County 
Water  Company  to  large  uien  and  on  pottible  economies  of  scale  in  providing  the 
relatively  lorge  quantities  of  water  needed  in  the  Inter  years  of  Hie  50-year 
period.  A unit  cost  of  $100  per  million  golions  wot  assumed  for  the  Missouri  Kiver 
alternative,  regordlets  of  Hie  quantity  of  water  required.  The  effect  of  this  sim- 
plification is  mitigated  somewhat  by  the  fact  that  the  large  requirements  from  the 
Missouri  River,  and  hence  the  large  benefits,  occur  in  Hie  later  years  of  the  50-yeor 
period.  The  result  is  a lower  present  value  of  benefits  than  if  the  Missouri  River 
alternative  were  needed  in  the  early  years.  The  water  supply  benefit  in  any  given 
year,  for  Hiat  portion  of  the  requirement  met  from  the  Miuouri  River,  is  the  total 
amount  supplied  in  Hie  given  yeor  times  Hie  unit  cost  ($100  per  mg). 

Figure  9 shows  the  relationship  between  the  supply  of  water  and  the  probable 
demand  in  Hie  lower  rvieromec  oreo  to  the  yeor  2020,  os  well  as  the  resulting  time 
stream  of  benefits  from  meeting  water  requirements,  i.e.,  water  supply  benefits. 

These  benefits  can  be  attributed  to  any  reservoir  system  in  the  Ateromec  Basin  which 
supplied  the  estimated  water  requirements  over  the  50-year  period.  The  benefits 
shown  are  based  on  the  assumption  that  the  ovoiloble  supply  is  equal  to  the  withdrawal 
limit  (35  mgd)  phis  the  amount  ovoiloble  from  ground  water  (50  mgd)  — a total  of 
85mgd.  The  available  supply  will  probably  be  exceeded  in  the  year  2000.  The  two 
ports  of  Figure  9 tiemonstrate  the  critical  importance  which  the  choice  of  a plonning 
period  ploys  in  determining  the  omount  of  benefits  to  be  derived.  The  graph  on  the 
left  shows  the  benefits  to  be  derived  during  the  period  1960-2010.  The  figure  on  the 
right  shows  the  benefits  if  the  plonning  period  were  1970-2020.  In  each  graph,  the 
shaded  area  b proportional  to  the  benefits.  Table  8 shows  the  time  stream  of  benefits 
to  be  derived  using  three  different  planning  periods.  If  1965  rather  thon  1960  is  used, 
fhe  benefits  are  about  twice  as  great.  If  1970  rather  than  1960  is  used,  benefits  ore 
obout  five  times  as  great.  The  proper  period  to  use  is  dependent  upon  when  the  In- 
vestment of  funds  begins.  If  plonning  progresses  fairly  rapidly,  use  of  the  year  1965 
would  be  most  reasorwble.  Certoinly  no  earlier  beginning  date  b {ustified.  Using 
interest  rates  of  4%  and  2 .5%  respectively,  the  present  volue  of  woter  supply  benefits 
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would  bo  $1«4QO«000>$2,800,000,  using  fho  yoor  I960;  $3r600,300-$6/900«000 
using  the  year  1965;  and  $7,700,000-$ 13, 300/ 000  using  tho  yoor  1970. 

it  should  be  omphosized  again  that  the  magnitude  of  water  supply  benefits 

depends  upon  two  critical  factors;  determination  of  the  supply  of  water  presently 
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available,  otkI  decision  os  to  the  beginning  and  length  of  the  planning  period. 

Lock  of  precision  in  methods  of  estimating  demand  and  aligning  dollar  values  to 
water  supplied  will  have  slight  influence  on  the  firtal  results  compared  to  the  influence 
of  these  two  somewhat  orbitrary  choices. 

Cor>clusions 

Industrial  ortd  municipol  water  rec^uiremenls  in  the  Meramec  River  Basin  ond 
in  the  St.  Louis  area  do  not  loom  as  eriticol  or  mojor  problems  in  plonning  for  the 
development  of  the.  water  artd  reloted  resources  of  the  A^ieiamec  Basin.  Exceptions 
may  exist  in  certain  local  areas  where  ground  water  supplies  ore  limited,  end  in  the 
lower  bosin  where  the  outword  growth  from  the  city  of  St.  Louis  will  ploce  increasing 
demond  on  the  water  resources  of  the  lower  basin.  The  market  for  municipal  and 
industriol  water  from  developed  water  roMurces  of  the  Meramec  will  likely  be  limited 
to  thb  area. 

In  the  St.  Louis  orea,  outside  of  the  Meramec  Basin,  the  main  sources  of  supply 
ore  the  Missouri  and  Mississippi  Rivers.  These  sources  seem  copoble  of  absorbing 
almost  ony  foreseeable  iiKrease  in  the  woter  reguirements  of  the  oreo.  The  quality 
of  Meramec  Bosin  water  is  not  suffleienHy  different  from  thot  of  the  Missouri  and 
the  Mississippi  to  make  it  on  important  corwideratien  in  determining  sources  of  supply 
for  the  aroo.  St.  Louis  is  in  o favorable  position  with  regard  to  supplies  of  fresh 
water  when  compored  with  most  of  the  larger  cities  in  the  United  Stoles.  Whet  would 
enhonce  the  position  of  St.  Louis  most  with  respect  to  water  supply  would  bo  meosures 
to  hsprevo  tho  water  quality  of  the  Missouri  ond  Mississippi  Rivers.  These  measures 
ore  now  undorwoy . 
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Corps  of  Enginoon  in  1949.  U.  S.  Army,  Corps  of  Enginoon,  Throe  Rosonmits 
for  Flood  Control  ond  Olhor  Puiyso^  (Appondix  I to  tho  Summory  Report  of  tho 
Mocamoc  Cooporotivo  InvostigoWon  Fioid  Committoo),  Anarch,  1947,  rovisod 
Fobruory  and  August,  1949. 

19.  Glon  J.  Hopkins  and  Joo  K.  Nool,  '^Akltor  <w«Mlity  in  tho  Missouri 

Rivor,  ” Joumol  of  tho  Sonitory  EnginoorinQ  Division  of  tho  Amor  icon  Socioty 
of  Civil  EngtnoorSf  Vol.  SA  1 (Fopruory,  1^^),  p. 

20.  fcid.,  p.  1642-10. 

21 . This  flow  is  tho  lowoit  rocordod  at  Soppington  Bridgo,  dbout  90  miloB 
upstream  from  St.  Clair,  during  the  period  of  record,  I92I-I9U  and  1949-1958. 
U.S.G.S.,  Water  Supply  Popor  No.  1561,  p.  20. 

22.  At  the  proMnt  tRno,  however.  In  port  boeouso  tho  rivor  hoi  boon 
designated  o "novigablo  stream”  up  to  mile  22,  withdrswrols  from  the  lower 
hioromec  hove  been  Ibnilod  by  the  Corps  of  Engineers  to  1^  - 1/4  of  tho  tolnl 
flow.  Water  quolity  considerotions  may  also  hove  ployed  seme  port  In  this  llmltoticn 

29.  Tho  yoors  1898-1927  ore  sstlmotod.  See  Searcy,  otal.,  p.  10. 

24,  U.  S.  Godogioal  Survey,  Wotor  Supply  hepors  No.  1560 end  1561. 
Surface  Wbtor  Supely  of  tho  Unlt^  Stotes,  l9S$i  Ports  6-8  end  7.  Lower  Missouri 


25.  Seorcy,  otel.,  pp.  41-49. 

26.  Ishort  E.  Nigstrcm  artd  Theodore  R.  WoNwr,  ] 
of  dm  Best  St.  Louis  A^o,  lllhois.  Stole  Geologicel  Sii 
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V 

' 29.  Doily  •traomflow  rvcofdi  hav«  bMn  publbhad  by  th«  U.S.G.S.  for 

Ihb  ilotion  only  tinco  thb  timo. 

30.  WhiU  thh  could  bo  duo  porMy  lo  natural  hydrologic  voriotlont/  It 
b olso  duo,  ot  loost  in  port,  to  stroomflow  rogulotion  on  tho  Mbaouri  which  b 
I dbcussod  lotor. 

I 31.  Tho  doto  on  minimum  monthly  oftd  minimuffl  doi  ly  flows  woro  obtoinod 

i from  tho  U.  S.  Geologicol  Survoy  stroomflow  rocordi  for  tho  station,  hibtbsippi 

I RIvor  ot  St.  Loub.  All  supply  dota  for  tho  Mississippi  Rivor  roloto  to  thb  goging 

^ station.  Tho  doily  flow  is  octuoliy  tho  minimum  doily  flow  rocordod  during  tho 

! month  of  minimum  monthly  flow.  This  moy  or  moy  not  bo  tho  minimum  rocordod 

I doily  flow  for  thot  month  ovor  tho  poriod  of  rocoid,  but  should  bo  o closo  opproKi* 

motion.  Dota  concoming  tho  soosonol  fluctuation  of  monthly  domond  (1932*I958) 

I woro  obtainod  from  tho  rocords  of  the  St.  Louis  County  Wotor  Co*  Data  eoncom* 

ing  doily  domond  fluctuotion  (1938-’1958)  were  obtainod  from  tho  city  of  St. Loub. 

I 32.  Bosod  on  limited  dota,  variations  in  domond  do  not  oppoor  to  bo  of  tho 

aomo  order  of  mognitudo  for  tho  different  water  systems.  Tho  comparbor«  of 
j poolc  doily  ond  ovorogo  onnuol  demands  quoted  olsovo  ore  typicol  of  tho  systems 

of  tho  cities  of  St.  Loub  and  Alton.  Tho  Eost  St.  Loub  and  Intarurbon  Water 
Compony  oxporioncos  voriotions  of  gonoroily  lessor  mognitudo,  whereas  those 
i of  tho  St.  Loub  County  Water  Co.  ore  considorebly  forger. 

I 33.  /\Amicipoiitiot  and  industries  which  utilise  alluvial  wafor  oro.  In  offoef,  making 

W cl  Iho  olluvfol  motorloh  of  the  fldojpfoln  qi  a slorago  rasotvoir  for  tho  wotor. 

34.  Of  course,  tho  ontiro  21^000 mgd  b not  ovolidblo  for  wHhdrowol  uses 
booouso  of  novigationol  requiromonts. 

35.  R.  J.  Pofford,  Jr.,  *^OporoHon  of  Mlswurl  River  rvioln  Stem  Resorvolis,  ” 
of  Ihf  _Wofonooys  and  Hoiben  Ohrislon  of  Iho  Aworlcon  Seetoty  of  Civil 

Kitoow,  Vo».  a.  hio.  gooioJL.  ww.  p.  — * 

36.  fold..  1370*12.  About  2^  of  tho  total  pro|octad  storogo  copocity 
was  ovoifobio  by  Iho  ond  of  1956. 

37.  li-Stalo  Oovolopmont  Agency,  bibshslppi  Rivor  Water  Pollution  invos* 

tfotfon  ($t.  Loub:  1954),  pp.  28-32,  aS*,  0*33  - o43. 

36.  Thb  b water  which  has,  in  offoct,  boon  withdrawn  from  underground 
sterago  ond  oddod  to  surfoco  flew. 

39.  It  should  bo  pointed  otd  thot  tho  indlcotod  return  flows  owcood  tho 
OMOunt  of  woter  withdrawn  fraoi  ell  seurcos  (other  than  thot  withdrawn  by  Union 
Eloetrle  Co.),  ond  Ihorafora  roosen  P)  could  not  occount  for  oil  of  tho  dbcroponcy. 

40.  il-Stete  Agency,  p.  85. 

41.  SooPoy,  otol..  p.  54. 
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42 . The  Contarvotion  Foundation,  Wotor  in  Indutfry,  Now  York,  1950. 

43.  That  it,  no  cotti  for  such  itoim  os  rosorvoin  and  oquoducti  oro 
invoJvod  in  making  tho  watwr  ovoiloblo  at  their  inlokat. 

44.  latest  St.  Louis  water  rotas  ore  pubiished  by  the  Chomber  of  Commerce 

of  tVietropoiiton  St.  Louis,  Arietropoliton  St.  Louis  Industrial  iVionuol  (St.  Louis, 
I960),  p.  J-9.  

45.  Chamber  of  Commerce  of  ^•etropoiilan  St.  Louis,  The  Irrdustriol  Wo  ter 
Resources  of  the  St.  Louis  Areo  (no  dote),  p.  19. 

46.  Interview  with  J.  L.  Tuepker,  St.  Louis  County  Water  Company. 

47 . Sioux  City,  Omaha,  and  the  municipalities  of  the  Kansas  City  oreo 
approved  bond  issues  for  thb  purpose  during  1M0  or  before.  Focsd  with  o suit  by 
the  federal  goverrmient  to  force  compliance  with  pollution  standards,  the  city  of 
St.  Joseph  approved  o similar  bortd  issue  early  in  1961  (after  two  previous 
defeots).  The  iikkistries  of  St.  Joseph  hod  previously  dMided  to  proceed  with 
plans  f^  saporate  treatment  facilities. 

48.  This  assumed  demand  of  140  gollotw  per  parson  per  day  is  o very  liberal 
OTM.  Present  per  copito  doily  demand  of  St.  Louis  County  Water  Co.  customers 
b about  80  golions.  Based  on  less  reliable  data,  the  dem^  of  most  other  cities 
In  the  basin  h less  than  1(X)  gollorM  per  capita  per  doy.  Evan  with  allowance 
for  expected  inereose  in  per  capita  demorrd  over  time,  the  assumption  of  140 
golions  per  copito  per  day  should  be  more  thon  odequote. 

49.  These  estimates  were  mode  by  Edward  L.  Ullmon. 

50.  The  monthly  distribution  for  the  city  of  Kirkwood  Water  Plant  b similar. 

51 . Estimate  mode  by  L.  M.  Heckman,  bigineer  in  Chorge,  Leyne-Westam 
Company,  Kirkwood,  Missouri. 

52 . Thb  probably  would  not  be  strictly  true,  since  welb  ora  flexble  and  could 
be  located  close  to  "load”  canters.  On  the  ether  hand,  because  individual  well 
yields  ore  limited,  the  dbpersed  locotion  pottem  could  be  carried  only  so  for. 

53.  Seorcy,  et  ol.,  p.  49 

54.  Thb  assumption  could  of  course  be  checked  by  onolyzing  the  pump 
ond  treatment  ccsb  involved. 

55.  Yield  b limited  because  of  drawdown.  Abo,  with  higher  yieidb,  iron 
pracipitoflon  may  become  o problem. 

56 . The  bertefits  described  herein  will  accrue  only  if  it  b assumed  that  with- 
drawols  from  the  <vieramee  River  should  be  limited  to  35  mgd  rather  than  the  minimum 
recorded  flow— 127  mgd.  Before  ony  finoi  determ kwit ions  are  mode  ceneeming 
storage  ollocotions  and  bertefit-cest  onalysb,  a mere  thorough  exam inot ion  should 
be  mode  of  the  reosore  and  rtecessity  for  plocing  such  withdremwl  limllotlere  on 
use  of  woter  from  the  tvWfomec. 


APPEMCIX  A 


GitOUNO  WATER  IN  THE  MERA^<EC  BASIN 
by 

Robert  t>,  Knight 

Tho  Moramoc  Botin  area  in  tho  northom  port  of  tho  Ozark  Region  hot  ample 
ground  water  reiourcet  except  in  the  extreme  northeottem  comer  of  the  area  where 
the  ground  water  it  mineralized.  There  it  little  need  for  treating  the  water  from 
deep  wellt  in  much  of  the  area  if  the  well  conttrucHon  it  correct.  Proper  cons  true - 
tion  inciudet  tetting  of  thp  well  eating  in  grout  at  a easing  depth  recommended  by 
the  Mittouri  Geological  Survey  and  Water  Retourcet  and  above  ground  conitruetion 
in  accordance  with  recommendotiont  of  the  State  Divition  of  Health. 

The  major  aquifeit  in  thb  area  ore  the  Roubidoux,  Gotconede,  Pototi  forma- 
Hont  arrd  Gunter  member  of  the  Gotcorwde  formation . (See  Figure  10).  In  the 
toutheatt  part  of  the  area,  woter  from  older  formationt  it  the  oniy  ground  «rater 
available  becaute  the  Potoii  and  younger  formotiom  crop  out  or  hove  been  eroded 
away.  Generally  thh  meant  that  the  water  in  thit  part  of  the  batin  mutt  be  treated, 
becaute  catirtg  a weii  in  thit  area  would  thut  out  much  of  the  available  water. 
Treatment  of  the  water  in  thit  area  for  public  ute  it  mandatory. 

Mineralized  ground  water  it  pretent  eatt  of  a line  jutt  eott  of  Ballwin,  to 
ooitof  High  Ridge,  (Figure  II). 

Rcubidoux  formotion 

The  Roi^idoux  formation,  which  overoget  125  to  150  feet  in  thickneti  over 
much  of  the  oreq.ii  near  or  at  the  turfoee.  Thit  formation  contith  of  dolomite  with 
• high  percentage  of  tondttane  and  chert.  When  below  the  turfoee  it  it  on  aquifer 
•or  Mwll  form  otKl  houtehold  ute,  producing  on  average  of  15  gollotM  of  water  per 
Mlnuta.  Generally  a eating  depth  to  the  top  of  the  Roubidoux  it  tuffieient  to  keep 
CM#  centaminofion  in  thb  area;  however,  locally  the  Roubidoux  may  hove  crevieet 
•nd  mud  leanM  and  thould  be  oated. 

The  Roubidoux  fornioHon,  when  at  the  turfoee,  thouid  be  completely  eated 
out  and  the  well  drilled  bita  the  eherty  portion  of  the  Gateonade  formation . 

Ceecenede  fenwoHon 

The  Com* anode  it  eharacteritfieoliy  locking  in  chert  in  the  upper  SO  to  75 
fcef.  Ihh  SO  to  7S  foot  zoTM  it  net  o water  prodbeing  horizon. 

Mow  the  i^per  Gowonode  noncherty  horizon  it  o zone  of  eherty  dolomite 


ovaroging  200  feet  in  thickness.  The  upper  100  fwt  of  this  zone  contains  approx i - 
motely  50^  chert.  This  zone  is  a reliable  water  horizon  which  averages  10  to  15 
gollons  of  water  per  minute. 

Below  the  water  producing  horizons  is  another  chert  and  dolomite  horizon 
averaging  100  feet  thick  in  which  there  Is  very  little  tvoter. 

The  Gunter  Sandstone  or  sandy  dolomite  member  is  the  basal  port  of  the  Gas- 
conade formation  and  averages  25  to  40  ftet  in  thickness.  This  member  produces  40 
to  50  gallons  of  woter  per  minute/  however/  there  ore  a fow  instances  of  production 
exceeding  75  gallons  per  minute.  Small  industries/  motels/  or  other  small  public 
facilities  utilize  the  water  from  the  Gunter  member. 


Eminence  formation 


Below  the  Gmtr  lies  the  Eminence  formotiorya  dolomite  with  o relatively 
low  chert  content  averaging  250  to  300  foet  thick.  Locally  this  formation  produces 
seme  water  but  not  enough  to  be  completely  reliable. 

Potosi  formotion 

The  Potosi  formation  which  directly  underlies  the  Eminence  is  o reliable  large 
quantity  producer  which  generally  furnishes  enough  water  for  cities  and  industries. 

The  Potosi  is  a very  porous  and  vuggy/  coarsely  crystalline  dolomite  contoln- 
ing  os  much  as  50%  silica  in  the  form  of  chert  and  quartz  druse. 

ProAictioo  ranges  from  200  gallons  of  water  per  minute  to  500  gallons  per 
minute  arid  can  be  raised  to  os  much  as  700  gallons  per  minute  by  acidizing. 

The  thickrtess  of  the  Potosi  averages  300  feet  throughout  the  basin/  with  the 
exception  of  the  St.  Francois  Mountain  area  in  the  extreme  southeastern  port  of 
the  basin  where  it  has  been  partly  or  completely  removed  by  surface  erosion. 

All  wells  in  this  area  should  be  cosed  to  eliminote  ponibie  contamination. 
Although  the  proctice  is  not  followed  in  many  coses/  all  welis/  mine  shafts/  and 
mineral  tests  that  are  abandoned  should  be  properly  plugged  to  eliminate  any 
•euree  of  ground  srator  contamination. 


DATA  OiN  GROUND  WATER  USE 


NAME 

COUNTY 

LOCATION 

TOTAL 

PtOOUCTlON 

Q. 

DEPTH 

(gallons 

s 

s 

i 

i 

(M«) 

per  minute) 

u 

A 

9 

ac 

Roubidoux  fonnation 

Gray  Summit  (School) 

Franklin 

12 

43N 

IE 

590 

25 

U.S.  Govomnwnt  (Nile*  Bom) 

Franklin 

I 

42N 

2E 

610 

52 

GoMonode  formation 

RoMbud  (No.  1) 

Gosconode 

17 

42N 

4W 

501 

35 

Euroko 

St.  Louis 

35 

44N 

3E 

800 

135 

Pacific  (2) 

Franklin 

12 

43N 

2E 

765 

241 

Pocific  (1) 

Franklin 

12 

43N 

2E 

650 

150 

Cmfor  Hill  (1) 

Jefferson 

25 

42N 

3E 

650 

30 

Guntor  momber  of  Gasconade  formation 

Boys  Town  of  Missouri,  St. James 

Phelps 

22 

38N 

6W 

300 

42 

OA  Meadow  (Country  Club) 

Phelps 

4 

37N 

7W 

550 

100 

Eminence  formation 

Cuba  (1) 

Crawford 

31 

39N 

4W 

602 

125 

Bible  PrMjCh.Oioys  & girls  camp) 

Crmwford 

26 

39N 

3W 

375 

12 

St.  James  (1) 

Phelps 

20 

38N 

6W 

700 

75 

Vichy  Airport  0) 

Maries 

2 

39N 

8W 

850 

103 

Vichy  Airport  ^) 

Mories 

6 

39N 

8W 

950 

225 

RoMbud(9 

Gasconade 

17 

42N 

4W 

700 

96.5 

Cedar  Hill  (?) 

Jefferson 

25 

42N 

3E 

902 

50 

Hilbboro  (1) 

Jefferson 

3 

40N 

4E 

931 

65 

57 


Table  9 (continued) 


NAAAE 

Potosi  formation 

COUNTY 

LOCATION 

i f i 

j»  J s 

lO  H-  QC 

TOTAL 

DEPTH 

(feet) 

PRODUQiON 
(gallons 
per  minute) 

Bourbon  (2) 

Oawford 

34 

40N 

3W 

501 

73 

Gibo(2) 

Oawford 

31 

39N 

4W 

1005 

233 

Solvation  Army  (Blue  Spring) 

Crawford 

2 

39N 

3W 

550 

? 

Presbyterian  ^urch 

Oawford 

18 

37N 

5W 

500 

56 

SleelvilleCZ) 

Crawford 

33 

38N 

4W 

535 

? 

Steelville(?A) 

Oawford 

34 

38N 

4W 

660 

287 

U.S.C.C.C.F.13  (No.1) 

Washington 

17 

37N 

1W 

501 

35 

St*  Jomes  (2A) 

Phelps 

20 

38N 

6W 

1100 

360 

Rollo  (1) 

Phelps 

11 

37N 

8W 

930 

200 

Rollo  (6) 

Phelps 

11 

37N 

8W 

1150 

580 

Rollo  (B) 

Phelps 

11 

37N 

8W 

1125 

550 

Rollo  (4) 

Phelps 

1 

37N 

8W 

1175 

300 

Rollo  (7) 

Phelps 

3 

37N 

8W 

1215 

585 

Rollo  (5) 

Phelps 

1 

37N 

8W 

1078 

540 

Rollo  (Mssouri  School  of  Minev2B) 

Phelps 

2 

37N 

8W 

1151 

328 

Owensviile  (1) 

Gosconode 

32 

42N 

5W 

908 

200 

Owensviile  (2) 

Gosconode 

29 

42N 

5W 

962 

79 

Owensviile  0) 

Gasconade 

28 

42N 

5W 

1000 

? 

Salem  (1) 

Dent 

13 

34N 

6W 

710 

93  ? 

Indian  Trail  State  Park  (2^ 

Dent 

34 

35N 

4W 

455 

25 

Union 

Franklin 

43im 

IW 

1000 

349 

St.  Clair  (4) 

Franklin 

25 

42N 

1W 

838 

36 

St.  Clair  (3A) 

Franklin 

36 

42N 

IW 

800 

80 

Meromec  State  Pork(1) 

Franklin 

18 

40N 

IW 

605 

25 

Hillsboro  (2) 

Jefferson 

3 

40N 

4C 

1310 

100 

BonrM  Terre  formotion 

Ironton  (6) 

Iron 

32 

34N 

4E 

300 

36 

ironton  (4) 

Iron 

32 

34N 

4E 

424 

46 

Ironton  (1) 

Iron 

32 

34N 

4E 

293 

70 

ironton  (2) 

Iron 

32 

34N 

4E 

467 

18 
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Chapter  4 

1 

WASTE  DISPOSAL  AND  WATER  DUALITY 


SutiWKiry 

Based  on  limited  data,  present  water  quality  problems  in  most  of  the  Meromec 
Basin  appear  to  be  small,  and  are  generally  limited  to  the  lower  basin  area.  More 
complete  surveys  ore  required,  however,  for  o definitive  assessment  of  water  quality 
in  the  /'Aeromec  Basin. 

About  a dozen  cities  do  not  have  sewage  collection  systems.  However,  all  of 
the  basin  cities  having  sewerage  systems  provide  secondary  sewage  treatment  except 
Flat  River  (primary  treatment  only)  and  Valley  Park  (no  treatment). 

Potential  problem  areas,  however,  exist  in  the  lower  basin  because  of  towns 
and  concentrations  of  clubhouses  along  the  streams.  Sonitary  water  quality  is  a 
problem  in  the  reach  from  Valley  Park  to  the  mouth.  Available  evidence  indisotes 
that  sanitary  water  quality  has  deteriorated  in  this  reach  during  the  past  15  years. 
Turbidity  in  the  reach  between  Pacific  and  the  mouth  is  high  enough  to  conflict  with 
recreational  use.  Gravel  dredging  contributes  to  turbidity  problems  in  this  section. 

Mining  wastes  are  generally  not  now  o problem,  and  under  proper  management 
con  be  controlled  in  the  future.  Some  iisdustrial  pollution  does  occur,  particulorly  at 
Volley  Park.  If  pulp  ar>d  paper  manufacturing  is  estoblished  in  Missouri,  it  will  most 
likely  not  be  in  the  Meromec  Basin,  and  therefore  will  not  present  any  water  quality 
problems  in  the  basin. 

No  relationship  could  be  found  in  the  Meromec  between  streomflow  and  water 
quality,  or  between  water  quality  and  treatment  costs.  Therefore,  no  benefits  to  water 
quality  from  increosirtg  streomflow  have  been  irtcluded  in  the  ecorramic  anolysb  of 
proposed  water  resource  systems,  although  at  a later  date,  under  changed  conditions 
oixf  increasing  population,  detailed  surveys  might  indicate  that  increased  dilution  in 
certain  reaches  could  be  desirable. 

Introduction 

Contamination  con  be  defined  as  the  introduction  into  the  water  of  microoDgonisins, 
chemkals,  ortd  wastes  including  sewage,  which  render  water  unfit  for  desired  uses  with- 
out corrective  treaknent.  Poliution  is  generally  syrranymous  with  contamination  in 
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Mhtouri  law/  although  it  tends  to  be  slightly  more  restrictive  in  some  other  states. 

To  whot  extent  is  water  pollution  a problem  in  the  AAeramec  Bosin?  What  is 
the  present  cortdition  of  the  water  resources  in  the  basin  with  respect  to  water 
quality?  Generally/  water  quality  in  the  Meromec  Basin  appears  to  be  relatively 
good/  or  at  least  adequate/  except  in  the  lower  reaches  of  the  Big  ond  Meromec 
rivers.  However/  there  is  a paucity  of  data  available  on  water  quality  with  respect 
to  both  surface  and  ground  water.  Continuous  sampling  of  surface  water  at  the 
present  time  is  undertaken  at  only  one  place  in  the  basin  — the  intake  of  the  St. 

Louis  County  Water  Company  at  Fenton.  The  lock  of  sampling  exists  with  respect 
to  physical  quality  characteristics/  chemical  quality  characteristics/  and  bacteriological 
and  sanitary  quality  characteristics  of  water.  Since  the  1943  survey  by  the  Missouri 
Stote  Board  af  Health/  there  has  been  no  sompl  ing  along  any  reaches  of  the  rivers 
in  the  basin.  Therefore^a  quantitative  and  adequate  analysis  of  the  water  quality 
situation  in  the  basin  is  impossible  at  the  present  time 

Sources  of  Pollution  in  the  Meromec  Bosin 

Based  on  the  relatively  small  increase  in  population  artd  irtdustrial  development 
in  the  Meromec  Bosin  since  the  general  surveys  in  the  early  I940's/  the  water  quolity 
situation  appears  to  have  changed  little  except  in  the  lower  portion  of  the  basin/ 
roughly  from  Pacific  to  the  mouth  of  the  Meromec  River.  According  to  the  1943 
report  "no  pollution"  existed  in  the  basin  at  the  time  of  the  study.  However/  even 
then/  there  was  some  potential  pollution  in  areas  along  the  streams  In  the  basin  where 
cobinS/  clubhouses  and  recreational  facilities  were  heavily  concentrated.  Industriol 
development  In  the  basin  has  changed  little  in  the  intervening  period  so  thot  new 
industrial  wastes  are  not  a problem/  again  with  the  possible  exception  of  the  lower 
river/  from  Valley  Park  to  the  mouth. 

Based  on  data  compiled  in  previous  reports/  the  mop  shown  in  Figure  1 was 
developed.  This  mop  is  a generalized  one  which  depicts  the  rough  order  of  magnitude 
of  present  waste  discharges/  primarily  domestic  and  municipal/  along  the  lower 
portions  of  the  three  major  streams  in  the  Meromec  Basin  • The  waste  discharges  ore 
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no#  eom|Mit«cl  dtroctly  on  #h*  bosh  of  population  equivoionh,  volume  of  diseharge, 
or  any  other  timilor  criteria.  Rother,  the  general  magnitude  of  such  ditchorget  is 
expressed  simply  in  tenns  of  the  estimoted  number  of  dwelling  units  contributing 
essentially  untreoted  wostes.  The  sources  of  waste  discharges  shown  ore  basically 
of  two  kinds:  (I)  concentrations  of  cabins  and  houses  along  the  streams  (see  Figure  I, 
Volume  II,  Chapter  4),  and  (2)  urban  concentrations  such  os  Times  Beoch,  Valley 
Morse  Mill.  Dots  on  the  concentratran  of  cabins  and  clubhouses  were 
®^®®Med  from  mops  In  the  files  of  the  flnii  of  Horner  & Shifrin^  from  a mop  of  club~ 
houses  published  in  the  IW3  pollution  report  of  the  Minouri  State  Booid  of  Heolth^, 
and  from  compilations  of  the  Missouri  Water  Pollution  Board. 

Although  the  map  (Figure  I)  does  not  provide  specific  quantitotive  estimates  of 
the  volume  ond  strength  of  waste  discharges  into  the  major  streams  In  the  basin.  It 
does  indicate  the  general  nature  of  the  pollution  problem  in  the  basin.  It  suggests 
the  need  for  o detailed  survey  along  the  mojor  streams  to  identify  specific  sources 
ef  waste  discharges,  particularly  with  reforence  to  present  and  prospective  recreation 
areas.  Table  1 appended  to  the  end  of  this  chapter  indicotes  the  stotus  of  municipal 
sewage  disposal  focilities  in  the  Meramec  Basin  os  of  November  23,  1960. 

Woter  duality  in  the  Lower  Meramec  Bosin 
Senitoiy  water  quolity  trends 

As  indicoted  in  Figure  I,  the  r9lotiv»  incidence  of  woste  dischorges  v greotest 
in  the  lower  Meramec  River.  In  this  reoch  of  the  river,  industries,  municipalities, 
end  kidividuol  clubhouses  and  cabins  discharge  untreoted  wastes  directly  into  the 
river.  As  measured  by  sonitory  water  quality  utilizing  the  coiifomi  hdex,  it  oppeon 
that  water  quality  in  the  lower  Meramec  River  has  worsened  over  time.  This  is 
demons troted  in  Figures  2 ond  3.  Figure  2 ccmpores  the  mean  monthly  colifonn  index 
for  two  period  seporated  by  roughly  15  yeon.  Figure  3 shows  colifoim  index  duration 
curves  for  the  two  periods,  1940-43  and  1956-60,  for  die  summer  months,  the  most 
crHfoel  period  with  respect  to  sonitory  water  quolity  in  the  lower  Meramec  River, 
hoMMse  cl  lower  flows  end  higher  temperatures  during  that  period. 


COMPAJUSON  OF  COLIFORM  INDEX  (1940  - 43  and  1956-60) 
Marontac  Rivar  at  Fonton 


Data  from  St.  Louis  County  Water  Company.  Samples  token  at  Company  intake,  19j6-60, 
or»o  at  approximately  same  location,  1940-4o  durir>g  investigations  prior  to  construction 
of  Company  plant. 
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A mtoll  progiam  of  tuspondod  todimonf  sampling  in  iho  lowor  Moramoe  Rivor 
was  undortokon  Airing  tha  couria  of  tho  invostlgofions  of  tho  Meromoc  Rosooich 
Projoct.  Datoils  of  tho  program  arm  eontoinod  in  on  appendix  to  this  choptor. 
Evldonco  from  tho  suspondod  sodimont  sampling  program  suggosti  that  tho  sand 
•nd  groval  oporotions  in  tha  rooeh  of  tho  rivor  botwoon  Pacific  and  Ponton  do 
motorldly  offoet  suspondod  sodimont  eoncontrations  in  tho  rivor  during  low  flow 
poriods*  Tho  Asoluto  offoet  on  sodimont  ceneontratlon  b rolotivoly  small#  on 


In  ordor  to  bo  suro  that  tho  difforoncos  in  wotor  quality  indieatod  on 
figuros  2 and  3 could  not  bo  ottributod  to  difforoncos  in  stroamflow  rogimos  in 
tho  two  poriods#  dischorgo  duration  curves  for  tho  two  periods  wore  plotted. 

Those  ore  shown  in  Figure  4.  It  oppoora  that  tho  dischorgo  duration  curves  are 
sufficiently  oliko  so  that  tho  differences  in  water  quality  os  measured  by  the 
collform  indox  cannot  bo  attributed  to  differences  in  streomflows  during  tho 
periods.  Cf  course  a simple  dischorgo  duration  curve  gives  no  indication  of 
tho  soquence  of  flows  during  the  period  covered.  However#  since  the  sequerKe 
of  flows  tonds  to  effect  tho  oxtromos  of  tho  discharge  duration  curve  more  than 
tho  middle#  tho  conclusion  indicated  above  appears  to  be  valid. 

Turbidity  trends 

Since  recreotion  in  tho  lower  Moramoe  Rivor  dowratreom  from  Pacific  b on 
Important  activity#  tho  vbual  eppoaronco  of  tho  water  b important.  Muddy  water 
b undosiioblo.  An  examination  of  suspended  sediment  and  turbidity  indicaton 
b presented  to  show  tho  present  oorNlition  and  trends  in  thb  aspect  of  water  quality. 
(Tho  effects  of  turbidity  on  recreation  are  dbcuuod  more  thoroughly  in  Volume  III# 
Chapter  5.) 

Figure  5 shows  turbidity  duration  curves  at  o single  point  (Moramoe  River  at 
Fenton)  for  both  tho  earlier  and  tho  Inter  periods.  No  definitive  conclusion  eon 
bo  drawn  from  those  curvet  about  chongos  in  turbidity  in  tho  lower  Moramoe 
River  botwoon>tho  two  periods.^ 

Suspended  sediment  concentrations 
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PERCENT  OF  TIME  INDICATED  TURBIDITY  WAS  EQUALED  OR  EXCEEDED 


10 


I- 


s 


th«  order  of  30-40  ports  per  million.  However,  even  this  small  increase  in 
suspended  sediment  concentration  may  be  important  from  the  standpoint  of 
recreation. 

Effect  of  Increoses  in  StreamRew 

In  conjunction  with  efforts  to  estimate  benefits  which  might  accrue  to  any 
reservoirs  constructed  in  the  Meromec  Basin  from  improvement  in  water  quality, 
extensive  analyses  of  the  relations  between  water  quality  and  discharge  and  between 
water  quality  and  chemical  treatment  costs  were  undertaken.  Since  the  iower 
Meramec  River  is  the  only  area  in  which  significant  withdrawals  are  made  from 
surface  water  to  meet  municipal  and  industrial  needs,  it  was  tentativeiy  hypo- 
thesized that  improvement  in  water  quality  might  reduce  chemical  treatment  costs. 
Therefore  an  attempt  was  made  first,  to  reiote  water  quality  and  discharge,  and 
second,  to  relate  various  water  quality  indices  to  chemical  treatment  costs. 

Relotionship  between  woter  quolity  ond  dischorge 

Figures  6 through  13  show  the  attempts  to  relate  various  water  quality  indices 
to  discharge.  As  is  evident  from  the  scatter  diagrams  in  Figures  6,  7,  and  8, 
definitive  relationships  between  turbidity,  aikalinity,  hardness,  respectively, 
ond  discharge  can  be  developed.  In  the  case  of  the  foimer,  increased  turbidity 
occom ponies  increased  streomflows;  whereas  alkaUnity  and  hardness  both  decrease 
with  increases  in  streomflows.  However,  the  scatter  diagrams  in  Figures  9 through 
13  suggest  that  little  definitive  relationship  between  coliform  index  and  discharge 
and  between  agar  count  and  discharge  can  be  developed.  Further  evidence  of 
the  difficulty  of  obtaining  significant  relationships  between  these  two  indices  of 
sonitory  quality  and  discharge  wos  provided  by  correlation  analysis.  The  correlotion 
coefficient  between  mean  doily  discharge  and  coliform  index  was  about  '^0.5; 
that  between  mean  monthly  discharge  and  median  monthly  coliform  index  was  about 

thot  between  daily  discharge  and  total  agar  count  was  about  H),5;  and  thot 
between  mean  monthly  discharge  and  median  monthly  agar  count  was  about  -0.2,^ 
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All  of  Hmso  moosuros  indicate  a corro lotion  which,  is  not  very  significant.^ 

Relotionship  between  woter  quolily  ond  treotment  costs 

An  attempt  was  also  made  to  determine  the  relotionship  between  chemical 
treatment  costs  oruJ  water  quality.  For  this  purpose  multiple  regrenion  arralysis 
was  utilized  with  chemical  treatment  costs  os  the  dependent  variable  and  various 
water  quality  irtdices  as  the  independent  variables.  Data  from  the  St.  Loub 
County  Water  Company  and  from  the  City  of  Kirkwood  Water  Department  were 
used.  The  results  of  the  multiple  regression  aiKiiyses  were  iiKonclusive.  A 
maximum  of  about  40%  of  the  variation  in  chemical  treatment  costs  could  be 
explained  by  variations  in  the  water  quality  indices.  Therefore#  in  the  economic 
ottalysis  of  alternative  water  development  proposabrno  monetary  benefits  were 
attributed  to  augmenting  low  flows  or  changing  the  flow  regime  in  the  lower 
Meramec  River  by  reservoir  releases  in  the  interest  of  water  quality  improvement. 
The  MBRP  has  not  been  able  to  provide  the  answer  to  the  question  of  benefits  from 
dilution.  Whether  a relationship  between  treatment  costs  and  water  quality  can 
be  fourtd  with  more  intensive  surveys  (under  future  conditions  of  increased  popula- 
tion) is  not  known.  It  may  be  possible  to  establish  such  benefits  by  a study  con- 
centrating on  the  critical  low-flow  range#  and  by  usittg  other  indicators  of  water 
quolity,such  as  dissolved  oxygen  content#  hoddition  to  coliform  index. 

Industriol  Wostes 

Industry  ond  mining 

According  to  the  report  by  the  Missouri  Board  of  Health  in  1943#  no  Indus- 

fi 

trid  wastes  were  considered  to  be  significant  at  that  time.  The  situation  oppeors 
to  be  essentidly  the  some  ot  present#  with  the  possible  exception  of  the  vicinity 
of  Vdley  Pork  where  some  industrid  wastes  ore  discharged  untreated  to  the 
Meramec  River.  It  is  expected  that  both  the  industrid  and  municipd  pdlution 
problems  in  Vdley  Pork  will  be  corrected  in  the  neor  future. 


20 


Th*  1943  report  indicated  that  neither  lead  mining  nor  tiff  mining  materially 
affected  water  quality  downstream  from  such  operations.  Similarly,  iron  mining 
operations  present  no  threat  to  water  quality  in  the  basin  os  long  os  large  or  mul- 
tiple tailing  ponds  ore  utilized.  However,  occosioiKil  problems  exist  when 
impounding  dams  are  built  too  low  or  too  unstable  to  withstand  water  pressure 
during  heavy  rainfall 

Mp  or  paper  manufacturing 

It  has  been  proposed  that,  because  there  is  o considerable  amount  of  wood 
volume  available  in  and  near  the  Meramec  Basin,  o pulp  or  paper  manufocturing 
plant  be  established  within  the  Meramec  Basin.  However,  an  artolysis  of  the  for- 
est industry  in  the  basin  (See  Volume  II,  Chapter  3.),  indicates  that  a more  likely 
location  for  a paper  or  pulp  mill  is  in  the  areo  south  of  the  Meramec  Basin,  cIomt 
to  the  center  of  the  available  timber  resource.  Louis  Warrick  of  the  Pufal  ic  Heolth 
Service  has  suggested  that  the  logical  location  for  any  pulp  mill  In  the  area  is 
outside  of  the  Meramec  Basin  to  the  south.  It  should  be  noted,  however,  despite 
much  publicity  to  the  contrary,  that  contamination  of  water  quality  is  not  neces- 
sarily a concomitant  of  a paper  or  pulp  mill . Technological  processes  ore  avoil- 
<*ble  such  that  the  potential  pollution  effects  of  such  operations  con  be  rendered 
negligible.  Adnittedly,the  installation  of  equipment  to  minimize  pollution 
aspects  requires  cortsideroble  investment.  However,  the  point  is  thot  reducing 
pollutien  from  such  operatioru  is  possible.  In  some  coses  it  has  been  found  that 
measures  to  re^jce  pollution  from  pulp  and  paper  operations  hove  resulted  in  new 
processing  techniques  enabling  the  recovery  of  chemicals  or  the  development  of 
by-products.*^ 

Conclusions 

1 . Water  quolity  in  the  Meramec  Basin  appears  to  be  adequate  for  all  uses 
except  in  areas  where  concentrations  of  clubhouses  and  cabins  along  the  rivers 
residt  in  degradation  of  the  sanitary  quality  immediately  downstream  therefrom. 
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and  in  the  lower  Meramec  River  area  from  about  Pacific  to  the  mouth  where  significant 
quantities  of  untreated  municipal  artd  industrial  wastes  are  discharged  into  the  stream. 

2.  in  the  lower  Meramec  River,  where  significant  quantities  of  water  ore 

withdrawn  for  municipal  and  industrial  purposes,  backwater  from  the  Mississippi  River 

appears  to  be  no  problem  with  respect  to  such  withdrawals.  The  only  apparent  affect 

13 

during  backwater  periods  is  on  increase  in  colloidal  matter. 

3.  Based  on  the  analyses  made  in  the  course  of  the  investigations  of  the  Meramec 
Basin  Research  Project,  there  is  no  conclusive  evidence  that  increasing  lew  (lows  in  the 
lower  Meramec  River  would  result  in  monetary  benefits  from  improvement  in  water 
quality.  Of  the  three  classes  of  possible  benefits  from  dilution  — reduction  in  sewage 
and  waste  treatment  costs,  reduction  in  municipal  or  industrial  water  treatment  costs, 
and  benefits  from  increased  utilization  of  the  river  for  recreational  and  aesthetic  pur> 
poses  ~ the  latter  is  least  susceptible  to  economic  analysis,  but  might  be  of  consider- 
able importance  in  the  Meramec . The  analyses  of  water  quality  and  water  treatment 
costs  irtdicote  that  only  a small  part  of  the  water  treatment  costs  can  be  attributed  to 
water  quality  deflciervctes.  The  some  analyses  indicate  that  it  is  not  likely  to  be 
possible  to  reduce  the  level  of  treatment  in  the  proposed  Metropolitan  Sewer  District 
system  serving  St.  Louis  County  because  of  increased  flows  which  might  be  made  avail- 
able from  reservoirs  in  the  Meramec  Basin . Secondary  treatment  of  waste  discharges 
would  be  required  even  with  increased  flows.  Further  study  would  be  desirable  to 

'^S  determine  whether  changing  conditions  as  population  increases  will  modify  these  con- 

clusiom. 

4.  There  is  a definite  need  for  establishing  continuous  sampling  of  water  quality 

I in  the  basin,  particularly  of  surface  water  in  the  lower  Meramec  and  Big  rivers.  Similarly, 

I there  is  a need  to  make  a detailed  inventory  of  the  clubhouses,  homes,  and  cabins  olong 

these  reaches  which  may  discharge  untreated  sewage  into  the  river.  Since  recreation  is 
important  in  these  reaches,  a continuous  monitoring  of  sanitary  water  quality  in  the  areo 
is  essential,  at  least  during  the  major  recreation  season. 
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5.  if  Hm  surfoe*  waters  of  the  lower  Meramee  Basin  ore  to  be  used  for  reereo- 
tton,  meosures  should  be  token  to  prevent  upstream  sand  and  gravel  operations  from 
degrading  water  quality  in  the  rivers  by  increasing  turbidity.  Methods  of  operation  of 
most  sand  and  gravel  companies  do  not  appear  to  odversely  offect  water  quality. 

All  companies  not  using  such  methods  should  be  required  to  odopt  them. 
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for  o new  process  which  converts  the  liquor  into  a dry  product  for  industrial  use." 

13,  Information  from  J.  L.  Tuepker  of  the  St.  Louis  County  Water  Company. 
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TABLE  1 

STATUS  OF  MUNICIPAL  SEWAGE  DISPOSAL,  MERAMEC  RIVER  BASIN 
AS  OF  NOVEMBER  23,  1960 


I.  COMMUNITIES  WITH  SEWAGE  COLLECTION  SYSTEMS 


COMMUNITY 

1960 

POPULA- 

TION® 

DESIGN 

POPULA- 

TION 

DEGREE  OF 
EXISTING 
TREATMENT 

NEEDED 
POLLUTION 
CONTROL  MEASURES 

B«lle 

1,016 

2,000 

SecoiKbry 

None 

Bhmork 

1,237 

1,200 

SecoTKlaiy 

Addition  of  final  settling 

Blond 

654 

596 

Secorrdary 

Final  lank  (BotkIi  voted) 

Cuba 

1,672 

1,500 

Secondary 

None 

EllitvilU^ 

2,732 

- 

Secondary 

Euroko 

1,455® 

972 

SecoTKlary 

Plant  expansion 

Flat  River 

4,515 

6,000 

Primary 

Addition  of  secorKfciry 
facilities  (Engineerk^ 
report  approved) 

Kirkwood  *2  Plant 

29,421** 

12,000 

SecoTKlary 

None 

Meromec  Mining  Co. 
Pea  Ridge 

- 

478 

SecoTKlary 

Norte 

Owemville 

2,379 

4,500 

SecoTKlary 

None 

Ptaciflc 

2,795 

3,600 

Secondary 

None 

Potoii 

2,805 

3,500 

SecoTKlary 

None 

Rolla,  East  Plant 
South  Plant 

11,132* 

«• 

5,000 

12,000 

Secondary 

Secoixlary 

None 

None 

$f.  Clair 

2,711 

3,200 

SecoTKlary 

None 

St.  James 

2,384 

3,450 

SecoTKlary 

None 

Salem 

3,870 

3,800 

Secondary 

Norte 

Sleelville 

1,127 

2,000 

Secondary 

Norte 

Sullivan 

4,098 

4,500 

SecoTKlary 

None 

Union 

3,937 

7,400 

SecoTKlary 

Norte 

Valle)f  Pork 

3,452 

4,600 

None 

New  pl<mt  (Engineering 
report  approved) 

Vfcumum 

590 

650 

Secondary 

Norte 

TABLE  1 


STATUS  OF  MUNICIPAL  SEVMGE  DISPOSAL,  MERAMEC  RIVER  BASIN 
AS  OF  NOVEMBER  23,  1960  (continued) 


II.  COMMUNITIES  WITHOUT  SEWAGE  COLLECTION  SYSTEMS 


COMMUNITY 

1960  POPULATION  REMARKS 

Ballwin 

5,710 

(Engineering  report  approved  for  sewer  system  and  sec- 
ondary treatment) 

Bonne  Terre 

3,219 

(Bonds  voted  for  sewer  system  oixl  secorrdary  treatment) 

Bourbon 

779 

Oes  Peres 

4,362 

Desloge 

2,306 

(Borrds  voted  for  sewer  system  and  secondary  treatment) 

El  v ins 

1,818 

(Engineerirrg  report  approved  for  sewer  system  and  sec- 
ondary treatment) 

bther 

1,033 

Fenton 

1,059 

Hillsboro 

457 

Irortdole 

335 

Leodwood 

1,343 

MoTKhester 

2,021 

(Sewer  system  and  secondary  treatment  under  consliuetion) 

Times  Beach 

986 

Wirtchester 

1,299 

°U.S.  Bureau  of  Census, 

Census  of  Population,  1960,  Missouri. 

^Present  diseharoe  of  lagoon  is  to  Missouri  River  drainage  basin. 


A 

Present  population,  estimated.  Higher  than  1960  Census  figure  because  af  extensive 
subdivision  development  which  has  occurred  since  the  census  was  taken. 

^Kirkwood  ^ 1 Plant  is  tributary  to  Gravois  Creek . In  1950,  when  Ihw  population  of 
Kiricwood  was  18,640,  about  9,000  persons  were  tributary  to  the  Kirkwood  '2  Plant. 
Between  50%  and  60%  of  the  present  population  Is  tributary  to  this  plant. 

*ln  1950  when  the  population  of  Rolia  within  the  city  limits  was  9,354,  about  3,950 
persons  were  tributory  to  the  East  Plont,  about  6,500  persora  to  the  South  Plant.  No  in- 
formation is  available  os  to  present  distribution  of  population  served  between  plants. 

Data  provided  by  Jock  K.  Smith,  Executive  Secretary,  Missouri  Water  Pollution  Board. 
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TABLE  1:  SUMMARY 

Ttt«  total  present  population  of  the  20  sewered  communities  in  the  Meromec 
Bosin  is  about  85,000.  Not  all  of  the  population  in  any  given  city  with  a sewage 
collection  system  is  necessarily  connected  to  the  system.  Also,  some  persons  liv- 
ing outside  the  city  limits  in  a given  city  may  be  connected  to  the  city  system. 
Further,  not  all  of  the  sewage  represented  by  the  total  population  connected  is 
discharged  into  the  Meramec  Basin,  since  some  of  the  communities  ore  located 
on  the  drainage  basin  divide.  (Kirkwood  is  an  example.) 

All  of  the  communities  with  sewage  collection  systems,  with  the  exception 
of  Valley  Pork,  have  sewage  treatment  facilities.  For  four  of  these  communities  -- 
Bismarck,  Bland,  Eureka,  and  Flat  River  — the  Missouri  Pollution  Board  has 
indicated  that  additions  or  enlargements  to  the  treatment  facilities  are  necessary 
to  handle  the  present  sewage  load.  If  at  least  50^  of  the  present  population  of 
Kirkwood  is  assumed  to  be  served  by  the  ^2  plant,  then,  given  the  relationship 
between  present  population  and  design  population  of  the  respective  plant  facilities, 
three  other  communities  — Cuba,  Kirkwood,^  and  Salem  — should  be  giving 
consideration  to  expansion  of  sewage  treatment  facilities,  unless  population  in 
those  towns  were  assumed  to  have  reached  "saturation".  Volley  Park,  with  a com- 
bined connected  population  of  about  3,500,  discharges  sewage  directly  to  the 
Meromec  River  without  treatment. 

The  total  population  of  the  14  unsewered  communities  listed  is  about  26,000. 
Several  thousand  more  persons  reside  in  smaller  communities  in  the  basin  having  no 
sewoge  collection  systems. 

Wet  industries  located  in  cities  with  sewer  systems  are  connected  to  the  re- 
spective fflunicipol  systems,  with  the  exception  of  at  least  one  industry  in  Valley 
Porfc.  Industriol  wastes  from  industries  locoted  outside  city  sewer  systems  ore  not 
believed  to  be  significant,  according  to  the  Missouri  Water  Pollution  Board. 

Kirkwood  has  now,  i.e.,  1961,  completed  a sewage  lagoon  od'iocent  to 
the  ^2  plant . The  lagoon  will  enable  od^uote  treatment  of  sowogo  from  the 
present  trtuteiy  populotion. 
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Recreation  in  the  United  Stotet 
Trends  in  demond  for  recreotion 

The  demand  for  outdoor  recreation  has  increased  at  a spectocular  rate  over 

the  post  holf'^entuiy.  At  several  National  Parks  attertdance  has  increased  15*30 

times  between  1920  and  1956.  ^ The  average  rote  of  growth  of  attertdance  at 

Notional  Pbrks  since  1946  has  been  slightly  less  tixin  10%  annually  — National 

2 

Forests  have  exhibited  a similar  rate  of  growth.  Water-based  recreation  has  in- 
creased at  an  even  more  rapid  rate.  The  rote  of  gain  in  attendarKe  during  the  post- 
war years  at  Corps  of  Engineers'  reservoirs  has  been  approximately  28%  annually. 

The  rate  of  growth  at  TVA  reservoirs  during  the  same  period  has  been  about  15% 
annually. 

The  reasons  for  this  growth  are  not  hard  to  find.  Population  increases, 
coupled  with  irKreoses  in  income,  leisure,  and  mobility  of  the  population,  are 
chiefly  responsible.  Post  trerkk  oixi  predicted  future  trer>ds  in  these  variables,  os 
described  by  Clawson,  are  shown  in  Figure  I . Per  capita  disposable  income  has 
roughly  doubled  within  the  post  naif-century,  end  is  expected  to  more  than  double 
within  the  next  half-century.  The  average  iwmber  of  hours  worked  per  week  has 
declined  from  approximately  60  •‘tours  to  40  hours  since  1900,  and  will  probably 
decline  further  to  about  30  houn  in  the  yeor  2000.  People  will  hove  more  free 
time,  much  of  which  will  go  into  recreation.  More  than  20%  of  free  time  goes  into 
®uhl®or  recreation  today,  and  future  increases  are  likely.  Mobility  has  increased 

Marion  Clovrson,  The  Crisis  in  Outdoor  Recreation,  Resources  for  the  Future, 
Reprin*  No.  13,  1959,77171 
2 

Mortion  Clawson,  Statistics  on  Outdoor  Recreation,  Resources  for  the  Future. 
Woshingtorv  1958,  pp.^T^T 

3 

Morion  Clawson,  Crisis  . . . . .,  p.  8.  Because  the  Corps  of  Bigineen  is 
corwtorttiy  adding  to  the  number  of  reservoirs  under  its  jurisdiction,  its  rate  of  grewth 
reflects  chonges  in  supply  os  well  os  demand  characteristics.  The  TVA  statisHes 
ore  from  o relatively  hx^  number  of  impoundments  ond  ore  therefore  a better 
Indicator  of  demortd  changes. 


TRENDS  AFFECTING 
OUTDOOR  RECREATION 


From:  Th»  Crhh  In  Outdoor  R«cfotion  by  Marlon  Clawson 
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spactoculariy  sine*  1900,  and  will  continu*  to  Ineroose  at  a somowtwrt  Itm  spoetac- 
ular  rato  in  tho  futuro.  (Clowton  pradicis  a doubling  in  the  numbar  of  milas  trovalad 
par  panon  by  tha  yaar  2000;  Wilbur  Smith  and  Astoeiatai  prodkt  evan  graotor 
incrootas.) 

Tha  inclination  to  participata  to  a graatar  dagraa  in  outdoor  racroation  it 
altaody  quita  avidant.  A survay  undartokan  by  tha  Outdoor  Raeraation  Ratourcat 
Raviaw  Commiaiion  raportt  that  a larga  numbar  of  paopla  would  lika  to  angoga 
in  a graot  daal  mora  raeraation  activity  than  thay  do  at  prasant.  Lock  of  tima  it 
tha  chiaf  borriar;  lack  of  monay  it  naxt.  At  paopla  gat  mora  of  both,  thara  will 
ba  a corvidarabla  ttap**up  in  tha  par  capita  domond.  Thit  incraota  in  par  copito 
demand,  eoupla  with  population  increotet  (pradictiont  are  for  e doubling  of  popu* 
lation  within  tha  naxt  half-century)  will  ratult  in  vary  large  incraotat  In  tha  damond 
for  outdoor  raeraation.  Tha  ORRRC  pradiett  o threefold  incraota  by  tha  year  2000. 
Othari  hove  predictad  even  larger  incraotat. 

"Mott  people  taaking  outdoor  racraotion  wont  water  . . . . *^  "Water  it 
I tharafora)  a key  foctor  of  tupply.  It  h attantiol  for  many  formt  of  raeraation; 
and  itoddi  to  tha  anfoymant  of  many  othan.*^ 

Supply  of  outdoor  racraotion  ratourcat 

How  doot  tiia  tupply  of  racraotion  focilitiat  compare  with  tha  damond  — now 
and  in  tha  fukrra?  Tha  quattion  it  r»ot  aatily  ontwarad  by  on  examination  of  tha 
IoIbI  ovoilobla  oeraaga  of  raeraation  lartd  and  wotar.  A fairly  large  acreage  b 
ovoilobla  In  tha  United  Stotat  but  "tha  problem  it  r»ot  one  of  numbar  of  ocrat  but 
of  affactiva  oorat  ~ ocrat  of  lond  ond  water  available  to  tha  public  and  utaabla 


h^orion  Clowton,  Crith  . . . .,  p.  1 1,  and  Wilbur  Smith  and  Amoekitot, 
Fully  Highwayt  and  UrEon  Growth,  New  Haven,  Conn.,  196I,  p.  201. 

ORMC,  Outdoor  Raeraation  for  Amarlco,  Wathkigton,  1962,  p.  31. 

^ORIMC,  p.  4. 

^OMRC,  p.  d9. 
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for  ipocific  types  of  recreation.  . . .domond  ....  Is  concentrated  where  people 
ore  — near  metropolitan  areas.  . . . This  metropolitan  population  must  get  most 
of  its  recreation  in  the  metropoliton  region,  and,  for  all  practical  purposes,  the 
existance  of  exteiwive  facilities  somewhere  else  is  little  compeittation  for  lack  of 
them  at  home. " For  example,  the  thousonds  of  lakes  in  the  northern  ports  of 
Minnesota,  Wisconsin,  aixi  Michigan  are  of  no  use  to  the  people  of  St.  Louis  or 
Memphis  for  one-day  or  weekend  trips.  Only  those  recreation  facilities  which  are 
located  within  obout  50-100  miles  of  each  city  con  be  used  to  satisfy  this  short- 
period  recreation  demand  (which,  in  spite  of  longer  vacations,  still  represents  the 
major  portion  of  time  available  for  recreation).  Therefore,  for  this  type  of  recrea- 
tion, the  overall  U.  S.  statistics  have  little  meaning.  To  properly  assess  the  situation 
it  is  necessary  to  examine  the  recreation  facilities  available  within  easy  driving  time 
fram  eoch  mojor  center  of  population.  The  outlook  for  the  St.  Louis  area  is  dis- 
cussed in  the  next  section. 

\ The  importance  of  distartce  in  influencing  the  intensity  of  use  of  recreation 

! facilities  is  oloborated  in  Appendix  A.  Restated  briefly,  a study  of  ottendotKe  •' 

figures  for  Corps  of  Engineer  reservoirs  shows  thot  of  approximately  40  large  reser- 
, voin  listed,  only  seven  have  a very  high  intemity  of  use.  All  seven  ore  located 

I near  lorge  metiepolitan  areas.  Moreover,  certain  small  reservoirs  located  very 

clcte  to  or  within  metropolitan  areas  exhibit  a phenominal  intensity  of  use.  These 
takes,  only  a few  hundred  acres  in  size,  attracted  from  500,000  to  1,500,000 
visitor-^ys  in  1950.  Cleorly,  distance  fram  potential  users  is  of  considerable 
issportance  in  omening  the  available  supply  of  recreation  resources.  The  importonce 
of  this  foetor  is  elaborated  on  in  a later  section. 
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The  Demond  for  Water  Recreation  in  the  Merotnec  Bosin 

Present  recreotion  sifuotion  in  the  St.  Louis  area 

The  present  and  past  recreation  situation  in  the  ^''«ramec  Basin  and  St.  Louis 
area  are  described  more  fully  in  Volume  11/  Chapter  4.  A brief  summary  will  be 
useful  here. 

The  northeastern  fringe  of  tiie  Ozarlcs/  of  which  the  V«ramec  Basin  is  a major 
port/  forms  the  natural  recreation  area  for  St.  Louis  and  environs.  Both  past  and 
present  use  of  this  area  iios  been  more  intense  tnan  t.xit  of  other  areas  at  similar 
distances  from  St.  Louis  (i.e./  northern  Missouri  and  Illinois).  However/  recreation 
activities  tend  to  cluster  around  v/oter/  w.iicii  at  tne  present  time  is  limited  in  extent 
within  the  A'ieramec  Basin.  Suitable  large  impoundments  are  not  available  in  the 
St.  Louis  area  for  one-day  or  easy  weekend  trips/  although  many  impoundments  are 
located  at  slightly  greater  distances  and  are  usable  during  three-day  weekends  and 
vocations.  The  importance  of  location  near  large  population  centers  in  influencing 
the  usefulness  for  recreation  of  man-made  lakes/  has  been  discussed  in  the  previous 
section.  The  following  pages  contain  an  appraisal  of  the  degree  to  which  existing 
lakes  in  the  St.  Louis  area  can  be  used  to  satisfy  this  demand. 

Existing  impoundments 

Because  of  the  existence  of  numerous  reservoirs  of  varying  sizes  and  with  vary- 
ing degrees  of  accessibility  to  the  residents  of  St.  Louis/  any  discussion  of  the  need 
for  reservoir  recreotior  in  tne  hieromec  Bosin  must  include  some  consideration  of  the 
extent  to  which  this  dwnand  for  reservoir  recreation  is  being  satisfied/  or  can  be 
sotisfied/  by  impoundments  already  existing  or  definitely  scheduled  for  construction. 

Several  large  reservoirs  ore  located  within  250  air  miles  of  St.  Louis  (as  shown 
in  Figure  2).  A/iony  smaller  reservoirs/  not  shown  on  this  figure/  are  olso  located 
within  this  area. 

The  largest  and  most  attractive  of  the  large  reservoirs  (Kentucky  Lake/  Lake 
of  the  Ozarks/  and  the  White  River  reservoirs)  ore  located  at  distaiKes  too  great  to 
be  convenient  for  one-day  trips.  All  are  located  in  the  150-250  mile  distance  zone 
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Tha  raeantly  completed  survey  by  the  Outdoor  Recreation  Resources  Review 
Commission  Indicates  thot  the  maximum  distance  which  most  recreation isfs  are 
willing  to  travel  for  a one-day  trip  is  about  50  miles. 


from  St.  Louis. Visits  to  these  lakes  by  St.  Louis  recreationists  generally  require 
periods  lor>ger  than  one  doy,  and  are,  therefore,  usually  confined  to  week-end  or 
vacation  visits. 

Several  other  fairly  large  lakes  are  located  in  the  100-150  mile  zone.  These 
lakes,  Clearwater,  /Vappapello,  and  Crab  Orchard  are  better  located  to  satisfy  the 
demands  for  one-day  recreation  trips  by  St.  Louisans,  but  even  these  are  somewhat 
beyond  the  optimum  distance.  They  are  also  not  as  attractive  as  the  reservoirs 
mentioned  previously. 

Alton  Lake,  some  20  miles  north  of  St.  Louis,  is  formed  by  water  backed  up 
by  a novigotion  dam  across  the  fV:ississippi  River  above  its  confluence  with  the  Mbsouri. 
This  dam  does  not  raise  the  water  level  greatly  and  as  a result,  Alton  Lake  might  be 
considered  an  enlargement  of  the  ^ jssissippi  River.  As  such,  it  is  not  a large  lake. 

It  is  used  primarily  for  motorboating,  although  swimming  and  picnicking  are  of  some 
importance.  Ih  chief  advantages  are  its  nearness  to  St.  Louis,  its  connection  with 
other  ports  of  waterways  which  are  navigable,  and  the  presence  of  scenic  bluffs 
along  the  Illinois  side  of  the  river.  Among  its  disadvantages  are  water  which  is 
muddier  than  any  of  the  reservoirs  previously  mentioned,  a fairly  strong  current 
which  occasionally  makes  boating  and  swimming  hazardous,  the  lack  of  swimming 
beaches,  its  relatively  small  size,  and  the  increasing  use  being  made  of  it  by  com- 
mercial barges.  It  is  thus  able  to  satisfy  part  of  the  demand  for  one-day  water  recre- 
ation trips,  but  because  of  these  characteristics,  there  are  large  segments  of  this 
demand  which  it  is  unable  to  satisfy. 

There  are  a number  of  small  lokes  (in  the  50  to  200  acre  range)  located  within 
easy  one-day  driving  distance  of  St.  Louis.  Most  of  these  are  in  the  25  -50  mile 
zone,  i^ith  few  exceptions  these  lakes  are  for  the  use  of  the  surrounding  property 
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owm«n;  racraational  use  by  the  public  ot  large  is  therefore  extremely  limited.  The 
smaller  of  these  lakes  are  usable  only  for  swimming/  boating/  and  fishing.  At  a 
few  of  the  larger  lakes  motorboating  artd  water  skiing  are  aiso  included.  Because 
of  the  limitations  of  the  number  of  types  of  activities  which  are  possible  at  these 
l®l***»  w'd  because  of  the  limited  number  of  people  who  can  be  accommodated  by 
these  lakes/  they  hove  not  provided  the  answer  to  the  demand  for  water  recreation 
fociiities  within  on  easy  one’’day  drive  of  St.  Louis. 

Proposed  impoundments 

Several  new  reservoirs  are  being  planned  in  the  area  north  and  east  of  St.  Louis. 
Johonrra  Reservoir  on  the  Salt  River  in  northern  Missouri  is  si'ill  in  the  talking  stage. 
Shelbyville  Reservoir/  to  the  northeost  of  St.  Louis  on  the  Koskoskio  River  in  lllinob/ 
is  in  the  design  stage.  Both  of  these  reservoirs  are  about  as  far  away  from  St.  Louis 
os  tha  Clearwater**Wappapello~Crab  Orchard  group  and  are  not  likely  to  be  superior 
in  <{uolity  to  these  other  reservoirs.  Carlyle  Reservoir  on  the  Koskoskio  River  about 
40  miles  east  of  St.  Louis  is  already  under  construction  and  will  hove  certain  advan* 
toges  in  satisfying  the  St.  Louis  recreation  demands.  Its  40-mile  dbtonce  from  St.Louis 
puts  It  within  an  eosy  one-day  drive  of  St.  Loub.  Its  size  will  be  large  enough  to 
accommodate  considerable  demand,  lb  large  areas  of  open  water  should  be  ideal 
for  speedboating  and  water  skiing,  and  ih  shallow  upper  reaches  should  provide 
excelient  habitot  for  water  fowl.  Although  the  quality  of  ib  fbhing  will  be  difficult 
to  predict/  there  b no  reason  to  believe  thot  It  will  not  be  good.  However,  thb 
reservoir  too  will  suffer  certain  disodvontoges.  Ib  water  Is  not  likely  to  be  as  clear 
as  thot  found  in  reservoirs  in  the  Ozorks,  nor  b ib  flat,  treeless  shoreline  likely  to 
be  os  attractive.  Relatively  large  horizontal  fluctuations  of  the  shoreline  ore  likely 
to  make  difficult  such  shoreline  uses  as  swimming,  picnicking,  and  cottage  site 
development.  Because  of  these  foctors,  Carlyle  Reservoir  b not  expected  to  fully 
Mtbfy  the  demand  for  recreation  in  St.  Louis. 

Even  ofter  the  construction  of  presently  proposed  reservoirs,  the  need  will 
still  exbt  for  large  woter  surfaces,  in  attractive  settings,  with  good  public  access  and 
control,  within  one-day  drhrino  dbtonce  of  St.Louis.  The  h'leramec  Basin  b ideolly 
suited  to  sotbfy  those  noedb. 
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A.'teromec  Reservoir  Attendonce  Estimotions 

The  problem  of  estimating  recreation  benefits  at  proposed  reservoirs  is  o major 
one.  Most  methods  of  benefit  measurement  ore  based  in  some  way  on  the  use  wnich 
tiTe  recreation  facilities  receive.  An  estimate  of  the  use  wnich  a proposed  reservoir 
will  receive  is  therefore  a necessary  first  step  in  estimating  recreation  benefits. 

This  section  is  devoted  to  the  problems  of  predicting  reservoir  use;  the  succeeding 
section  is  devoted  to  methods  of  measuring  recreation  benefits  and  how  they  apply 
to  specific  h:eromec  proposals. 

What  is  the  demand  for  water  recreation  at  a potential  multiple  purpose 
reservoir?  St.  Louis;  witn  u metropolitan  population  of  more  than  2,000,000  gen- 
erates considerable  demand.  The  nearest  large  impourxlments  are  snown  in  Figure  2, 
with  circles  proportionate  to  total  visitor-day  attendance  and  pie  sectors  propor- 
tiotwte  to  estimated  St.  Louis  visitor-days,  ranging  from  4%  at  Kentucky  Lake  on 
the  soutiieast  to  50%  at  Clearwater  in  toe  center.  ^ ^ Generally  speaking,  the 
rteorer  the  lake,  the  greater  the  St.  Louis  attendance,  os  would  be  expected.  Some 
variation  occurs  because  of  size  and  quality  of  the  lakes,  as  will  be  noted  later. 

In  order  to  detennine  the  drawing  power  by  distance  zones  of  the  various 
lakes,  infonnation  on  origin  of  visitors  by  small  geographic  divisions  was  sougnt. 

The  biggest  block  of  data  come  from  unpublished  creel  census  reports  of  the  Missouri 
Conservation  Commission  which  six>w  origin  of  visitors  by  counties  (for  further  details 
see  the  separate  Creel  Census  Appendix).  These  were  based  on  several  tnousand 
sample  interviews  over  a period  of  years  on  various  arms  of  lakes,  or  for  w!iole 
Impoundments  in  tne  case  of  the  smaller  lakes  (Clearwater,  Taneycomo,  and 
Woppapello).  These  data  were  then  converted  into  county  per  capita  indices  and 
mapped.  Figure  3 Is  one  representative  map.  Note  generally  how  attendance  de- 
creases witn  distance.  These  indices  were  then  plotted  on  logarithmic  paper 
(Figure  4),  and  regression  or  trend  lines  fitted  by  inspection.  The  fit  wos  fairly 

^ ^Alton  Lake  nearby  on  the  Mississippi  is  not  considered  because  it  has 
different  characteristics  from  tne  otneis  in  the  universe,  although  it  does  figure 
in  St.  Louis  recreation  and  has  some  attractive  features. . _ 
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Number  of  fishermen  censused  during 
this  period  divided  b/  the  average  of 
the  1950  and  1960  population. 
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cloM/  but  there  was  also  considerable  scatter^  in  large  part  occasioned  by  differing 
social  and  economic  characteristics  of  tne  sample  units  and  by  smallness  of  sample 
when  applied  to  small  counties.  The  slope  of  the  lines  fell  off,  however.  In  on 
essentially  linear  fashion  and  varied  from  a drop-off  ranging  from  about  the  square 
of  the  distance  to  tlie  fourrn  power. 

The  foct  tnot  hie  decline  was  so  relatively  rapid  with  distance  mignt  be  con- 
strued as  an  indicator  of  the  similarity  and  substitutability  of  one  impoundment  for 
another.  Similar  calculations  which  we  and  others  nave  made  for  more  nearly 

unique  attractions  such  as  Grand  Canyon  show  a more  gradual  decline  at  a rate  less 

12 

than  distance  squared.  However,  these  more  gradual  declines  represent  the  effect 
of  combined  visits  to  several  western  attractions  pulling  simultaneously,  whereas 
impoundments  of  the  type  envisioned  for  the  Meramec  are  more  likely  to  generate 
single-purpose  trips  of  shorter  duration. 

In  addition  to  the  creel  census  dota  other  sources  of  data  have  been  utilized 
including  on  intensive  survey  of  five  Missouri  state  parks  conducted  jointly  by  the 
h'leromec  Basin  Project  and  the  Missouri  State  Park  Commission  in  I960.  Based  on 
dato  from  tnese  various  sources,  the  median  drop-off  by  the  cube  of  the  distance  wos 
token  ond  plotted  on  the  logarithmic  graph.  Figure  5.  The  horizontal  axis  shows 
distance  from  reservoirs;  the  vertical  axis  shows  per  capita  attendance. 

On  this  graph  two  other  regression  lines  are  indicated:  (I)  a Itpresenting 
generally  high  per  capita  attendance  expectation  from  urban,  high  income  counties, 
and/or  to  reservoir  of  high  quality,  and/or  lack  of  intervening  opportunities  from 

Impoundments  suitable  for  recreation,  (2)o  low  representing  rural,  low  in- 
come counties  and/or  lower  quality  impoundments  and/or  presence  of  intervening 
opportunities  for  recreation  ot  closer  impoundments.  The  shaded  zone  represents 
generally  the  category  in  whicn  St.  Louis  visitors  fell. 

12 

hiorion  Clawson,  iVtethods  of  h/>easuring  the  Demand  for  and  Value  of  Outdoor 
Recreotion.  Resources  for  tne  Future  Reprint  No.  10.  Washington,  1959.  Our 
calculations  were  made  from  National  Park  and  other  surveys . 

For  details  see  the  separate  appendix,  "State  Park  Recreation  Survey  Results." 
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To  find  a starting  point  for  the  lines  on  this  graph,  since  the  initial  data  simply 
give  on  index  of  rote  of  decline  with  distance,  it  was  necessary  to  make  further  col- 
culotions.  These  yield  a median  estimate  of  10  visits  per  capita  at  o distance  of  20 
miles*  This  was  bosed  on  more  than  a dozen  sample  calculations  for  counties  near 
*’**®^®**^»  example  will  illustrate  the  method*  V/oyne  County,  a rural  county 
in  the  Ozarks,  whose  mid-point  is  about  20  miles  from  Clearwater  Lake,  a 1,600 
acre,  relatively  small  reservair,  had  11.8%  of  the  creel  census  fisheimen  visiton 
sampled  at  the  lake;  multiplying  this  by  the  total  ottendonce  of  414,000  reported 
by  the  Corps  of  Engineers,  gives  a figure  of  49, 183,  which,  when  divided  by  the 
population  of  tne  county,  gives  a figure  of  5.2  visitor-days  per  capita  per  year  from 
that  county.  Other  calculations  for  other  counties  at  similar  distances  and  at  other 
impoundments  showed  a range  from  1 .6  up  to  approximately  30,  with  10  apparently 
a reasonable  median.  In  many  reservoirs  it  was  possible  only  to  compute  a still 
higher  upper  limit  because  the  creel  samples  applied  only  to  one  arm  of  the  lake 
and  total  attendance  figures  were  available  only  for  the  whole  lake. 

The  procedure  thus  for  making  the  estinxite  of  ten  wos  not  entirely  satisfactory, 
but  seems  to  be  verified  by  other  calculations.  As  an  illustration  and  additional  check 
on  the  regression  lines,  the  St.  Louis  per  capita  visitor-days  at  the  eight  ntajor  im- 
poundments have  been  plotted  on  the  graph.  These  St.  Louis  visitor-days  hove  been 
estimated  from  a variety  of  sources,  and  are  only  approximations;  yet  they  are  some- 
what independent  and  ore  holated  from  the  general  calculations  which  went  into  the 
regression  lines  and  anchor  points.  Note  that  five  of  the  impourKinwnts  ore  in  the 
htgh  zone  or  just  beyond,  and  three  in  the  median  zone*  The  five  high  ones  are  all 
larger,  better  impoundments;  the  three  lower  ones.  Crab  Orchard,  Clearwater,  and 
Wappapello  ore  all  smaller  and  generally  poorer  either  in  setting  or  development. 

This  may  explain  the  difference.  Dota  for  several  other  cities  and  takes  have  been 
obtained  and  are  also  indicated  in  Figure  5. 

Figure  5 then  represents  the  unadjusted  attendance  prediction  model.  Further 
odjustaient  is  necessary  because  the  linear  model  shown  in  Figure  5 is  not  adequate 
to  predict  oHendonce  from  nearby  distance  zones.  The  ovoilobility  of  data  is  limited 
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for  zones  within  50  miles  of  o recreation  area/  and  attendance  predictions  dealing 
with  nearby  areas  are  therefore  less  certain.  However/  based  on  the  few  situations 
for  which  infonnation  is  available/  on  estimate  has  been  made  of  the  extent  to 
which  the  otterKkince-distance  line  departs  from  linearity.  Taking  this  departure 
into  account/  a new  curve  has  been  drawn  (Figure  6)  which  shows  the  tapering  off 
at  nearer  distartces.  From  this  graph  attendance  by  zones  can  be  estimated  around 
any  reservoir  Msentially  similar  in  size  and  character  to  the  average  of  the  other 
reservoirs.  For  a reservoir  50  miles  from  St.  Louis/  for  example/  a figure  of  four 
visits  per  capita  per  year  is  read  from  the  "high"  line  at  the  50  mile  distance. 
(Remember  the  graph  scales  are  logarithmic.) 

The  actual  calculation  of  predicted  attendance  is  shown  in  Table  1 where 
the  per  capita  annual  visits  anticipated  from  each  zone's  choracteristics  is  multiplied 
by  the  zone's  population  to  give  predicted  totol  annual  visitor-days  in  the  last  column. 
Note  the  overwhelming  contribution  of  metropolitan  St.  Louis  with  its  2/000/000 
populotion/  which  alone  accounts  for  more  than  80%  of  the  visitor-doys. 

Estimation  of  Benefits  from  A/ieramec  Reservoirs 

Cnee  the  problem  of  predicting  reservoir  attendance  has  been  dealt  with,  a 
new  otkI  greater  problem  presents  itself.  This  is  the  measurement  of  recreation  benefits. 

Recreation  benefits  ore  probably  the  most  difficult  to  measure  of  all  the  benefits 

which  might  accrue  from  water  resources  development.  Benefits  from  recreation  are 

often  considered  to  be  intangible,  and  therefore  difficult  or  impossible  to  measure. 

Unlike  hydroelectric  power  or  water  for  irrigation,  recreation  benefits  in  most  cases 

do  rrot  hove  an  institutionoi  framework  by  which  they  may  be  sold  directly  to  the 

public.  It  is  likewise  difficult  to  measure  recreation  benefits  in  terms  of  alternative 

costs  which  moy  be  unnecessary  by  a water  resource  development  — a method  often 

« 

used  to  meosure  benefits  from  flood  control,  irrigation  or  low  flow  augmentation. 
However,  in  order  to  compare  recreation  with  other  uses  of  such  a development  ~ 
uses  which  are  possibly  competing  — it  is  necessary  thot  these  benefits,  wherever 
possible,  be  reskreed  to  monetary  temts,  the  only  readily  available  common  denominator 
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ESTIN.ATED  ATTENDANCE  AT  HYPOTHETICAL  M/JOR  IMPOUNDMENT 
50  AIR  LINE  (60  ROAD)  MILES  FROM  ST.  LOUIS 


Dlttanc*  ZonM  From 
HypofhHical  RoMivoi 


Population  Per  Capita  Annual  Vitih 
In  Zone  Category*’  Number 


D-10 

20,000 

10-20 

40,000 

20-40 

90,000 

40-60 

2,000,000^ 

60-100 

300,000 

100-200 

2,000,000 

200-300 

10,000,000 

300-500 

30,000,000 

Beyond  500 

(Rest  of  U.S.) 

median 

3 

60,000 

median 

2 

80,000 

high 

8 

720,000 

high 

3 

6,000,000 

median 

.2 

60,000 

median 

.03 

60,000 

median 

.005 

50,000 

median 

.001 

30,000 

Estimate 

50,000 

Total 

7,110,000 

CotegorlM  refer  to  per  capita  annual  viiite  expected  bated  on  numerous  origin 
surveys  in  I960,  ot  large  impoundments  in  Missouri,  Illinois,  and  Kentucl^.  High 
refers  to  per  capita  expectation  from  urban,  high  income  and/or  lock  of  Intervening 
opportunities  for  recreation  ot  nearer  impoundments;  refers  to  rural,  loe  income 
and/or  intervening  opportunities  for  recreotion  ot  closer  impoundments.  Median  It 
overage  between  two  extremes. 

^Includes  most  of  St.  Loub  metropolitan  area. 
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for  all  types  of  benefits..  In  on  area  such  os  the  Meromec  Basin/  where  recreation 
appears  to  loom  large  as  a source  of  benefit  in  competition  with  the  other  multiple- 
purpose  uses,  it  is  all  the  more  necessary  that  some  monetary  measure  for  recreation 
be  found. 

Some  persons  concerned  with  recreation  argue  that  it  is  impossible  to  place 
a monetary  value  on  recreation,  and  in  some  cases  argue  that  it  is  even  undesirable 
to  try . One  water  resources  expert  expressed  It  this  way;  "Such  purposes  as  recrea- 
tion must  therefore  be  judged  on  other  ( than  monetary]  criteria,  for  the  use  of  the 
benefit  cost  analysis  for  them  not  only  is  invalid,  but  costs  general  doubt  ond 
suspicion  upon  procedures  which  can  effectively  serve  a high  purpose  where  they 
are  appropriate. 

However,  it  must  again  be  emphasized  that  the  competition  among  various 
uses  for  limited  resources  is  increasing  and  "there  is  considerable  merit  in  the 
position  thav  rational  planning  of  resource  development  requires  o value  on  recrea- 
tion wherever  it  is  one  of  the  major  uses  of  land  or  water.  Not  placing  a value 
on  recreation  is  equivalent  to  placing  zero  value  on  it.  Therefore  any  reasonable 
estimate  of  value  is  better  than  none  at  all.  However,  some  still  argue  that  a 
monetary  value  cannot  be  placed  on  essentially  subjective  experiertces.  These 
people  overlook  the  fact  Ihot  we  do  this  all  the  time,  not  only  for  masterpieces  of 
painting  but  also  for  education,  health  services,  ond  many  other  aspects  of  life.^^ 

However,  this  does  not  solve  the  problem  --  what  is  the  value  of  recreation 
in  a particular  place?  Obviously,  the  ideal  way  to  answer  this  question  in  the  case 
of  a reservoir  would  be  to  build  o fence  around  the  lake  and  charge  admission  of 
anyone  who  wished  to  use  the  lake.  But  such  an  arrangement,  where  access  is 
completely  controlled,  would  not  in  itself  solve  the  problem  of  whot  people  ore 
willing  to  pay.  Experimentation  with  foes  would  be  necessary  to  find  the  right  scale 

Otto  Eckstein,  Woter  Resources  Development.  Harvard  University  Press, 
Gimbridge,  1958,  p.  JT.  ^ 

^^Artarion  Clawson,  A'lOthods  . . . . , p.3 

'^IbW.,  p.  3. 
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of  feos  properly  allocated  among  various  types  of  uses  such  as  fishing^  water  skiing/ 
picnicking,  boating,  renting  of  lake  sites,  etc.  Few  existing  lakes  have  been  built 
with  fences  around  them  and  data  of  this  sort  is  consequently  hard  to  obtain.  Various 
schemes  for  evaluating  recreation  benefits  have  been  tried  by  others  ond  ore  now 
used  by  others  — none  of  which  ore  entirely  satisfactory.  The  more  important  of 
these  are  described  below. 

In  the  summary  report  of  the  previous  A^ieramec  investigation  in  1949  the 
AAeromec  Field  Investigation  Committee recommended  the  use  of  an  arbitrary 
figure  of  $1 .00  per  visitor-day'^ — a figure  which  is  now  used  by  a great  many 
agencies  in  the  recreation  field.  This  $1 ,00  per  visitor-day  was  assumed  to  be  a 
reasonable  rate  which  most  people  might  be  willing  to  pay,  but  there  is  no  justifica- 
tion for  its  use  beyond  assumption.  Other  arbitrary  fixed  values  per  visitor-day 
are  also  used  by  some  agencies.  Some  also  differentiate  on  the  basis  of  activity-days  ■ 
some  types  of  recreation  activities  being  valued  more  highly  thon  others  (e.g.,  comper- 
doy,  $2 .00;  sightseer-day,  $0.50). 

The  cost  method  used  by  the  National  Park  Service  at  one  time  adopted  the 
policy  of  setting  benefits  equal  to  the  cost  of  providing  recreation  facilities  at  a 
lake.  This  method  merely  begs  the  question:  it  does  not  provide  an  answer  to  the 
question  of  what  is  the  recreation  worth. 

The  gross  expenditures  method  measures  the  total  amount  of  money  spent  by 
recreationists.  It  assumes  thot  recreation  is  worth  to  the  recreotionist  at  least  os 
much  as  he  is  willing  to  poy.  This  method  is  used  by  some  ageiKies  in  the  state  of 
Cilifornio,  but  is  more  valuable  as  a measure  of  the  impact  of  recreation  on  the 
economy  of  the  local  area  rather  then  the  satisfaction  of  the  recreotionist  or  the 
value  of  the  recreation  experience  as  such. 


Meramec  Cooperative  investigation  Field  Committee,  A Program  for  the 
Ateromec  River  Bosin;  Summery  Report.  1949,  p.  II. 
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The  visitor-day  is  a unit  representing  a full  day  or  port  of  a day  spent  ot  o 
recreation  arua  by  a single  visitor.  This  is  not  a satisfactory  measure  of  attendance, 
but  it  is  the  one  in  use  by  practically  ail  the  ogertcies  concerned  with  recreation, 
orwi  will  probably  continue  to  be  used  since  no  one  has  devised  anything  better. 


19 


Another  method  attempts  to  evaluate  recreation  according  to  its  contribution 
to  the  gross  notionol  product  (o  commonly  accepted  measure  of  economic  welfare). 
There  ore  several  possfole  woys  of  going  about  this  — all  of  which  eventually  in- 
volve finding  out  what  proportion  of  our  national  product  is  due  to  the  additional 
productivity  gained  by  individuals  through  recreation  that  would  not  hove  been 
gained  otherwise.  Obviously  this  method  poses  a great  many  difficulties  both  at 
the  theoretical  and  operational  levels. 

The  market  volue  method  attempts  to  use  fees  charged  at  private  recreational 
developments  as  indicators  of  benefits.  Difficulty  arises  in  finding  comparable  rec- 
reotionoi  opportunities  at  which  to  measure  these  fees.  A variation  of  this  method 
seeks  to  establish  benefits  through  calculation  of  land  value  changes. 

By  means  of  estimates  of  the  volue  odded  by  local  business  (which  has  some 
similarities  to  the  morket  value  method  and  the  gross  expenditures  method)  an  attempt 
is  made  to  separate  out  that  portion  ot  the  gross  expenditure  which  represents  local 
economic  activity  or  the  value  of  the  location  as  such. 

The  consumer  surplus  method  essentially  involved  estimation  of  a demand  curve 
for  recreation  (either  by  osking  people  what  they  would  be  willing  to  poy,  or  by 
colculating  the  effects  of  increased  costs  on  demand).  From  this  curve  the  amount 
of  money  that  people  would  hove  been  willing  to  pay  rather  than  do  without  the 
recreation  experience  is  compared  with  the  amount  they  actually  hod  to  pay  and  the 
difference  is  considered  a benefit. 

The  monopoly  revenue  method  proceeds  along  similar  lines.  This  method  also 
uses  demand  curves  to  estimate  the  level  of  entrance  fees  and  the  nature  of  develop- 
ment thot  would  yield  maximum  net  revenue  to  the  owner  of  a recreation  area.  It 
is  similar  to  the  fence-building  method  described  previously. 

Another  method  involves  the  calculations  of  cost  sovings  (usually  measured  in 
trovel  costs)  which  occrue  to  o recreationist  because  he  is  able  to  use  one  recreation 
site  as  opposed  to  a more  distant  one. 

Several  of  these  methods  will  be  examined  in  greater  detail  as  they  apply 
specifically  to  the  Meramec  proposals.  These  are  the  arbitrary  value  method,  the 
land  value  method,  and  variations  of  the  cost  savings  ar>d  consumers  surplus  methods. 


Arbitrary  volue  method 

If  the  predicted  attendance  figures  at  the  hypothetical  impoundmenh  in  the 
^Aeramec  are  used,  and  the  customary  $1 .00  per  visitor-^y  is  used  to  evaluate  the 
recreation  benefits,  very  large  recreation  benefits  would  accrue  — on  the  order 
of  $4,000,000  to  $18,000,000  annually  (depending  on  the  distorKe  of  the  reservoir 
from  St.  Louis).  If  the  $1 .60  or  $2.00  figure  is  used,  even  larger  recreation  bene*- 
fits  would  accrue.  If  it  is  assumed  thot  these  figures  represent  gross  benefits,  the 
accompanyirtg  costs  must  be  subtracted  to  provide  a figure  for  net  benefits.  Even 
the  recreation  costs  (such  as  maintenance  and  repair)  are  difficult  to  estimate. 
Figures  ranging  from  10  to  35  cents  per  vhitor*-day  are  often  used  and  seem  reason- 
able. Using  as  an  illustration  25  cents  per  visitor-day  as  the  costs  and  $1 .00  per 
visitor-day  os  gross  benefits,  the  net  benefits  would  be  on  the  order  of  $3,000,000 
to  $13,500,000.  If  the  gross  benefits  per  visitor-day  were  reduced  to  approximately 
one-third  of  the  standard  value  (to  35  cents),  net  recreation  benefits  would  be  on 
the  order  of  $400,000  to  $1,800,000  annually.  Even  at  this  lower  value  they  would 
still  equo!  or  exceed  benefits  from  any  other  source. 


Land  volue  method 

One  of  the  best  methods  from  the  theoreticol  point  of  view,  that  of  charging 
admission  ortd  service  fees  of  anyone  making  use  of  a reservoir  for  recreation,  has 
serious  drawbacks  in  practice  as  mentioned  previously.  Few  lakes  have  controlled 
access  which  will  allow  the  charging  of  admission  fees.  There  has  been,  however, 
some  experience  with  lakes  at  which  access  is  primarily  through  private  property  — 
with  the  result  that  land  values  or  net  income  from  the  land  con  be  used  to  give  some 
indication  of  the  value  of  recreation  at  that  particular  lake.  The  results  of  some 
investigations  along  these  lines  are  presented  in  more  detail  in  Volume  I,  Chapter  4. 
It  should  be  pointed  out  there  that  there  is  a problem  of  comparability  between  the 
lakes  investigated  artd  possible  impoundments  in  the  Meramec  Basin  — primarily 
differences  in  size  and  location  in  relation  to  toe  market.  The  problem  is  to  estimate 
the  differences  in  land  value  between  lake-shore  land  and  land  not  located  near  a 
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lake.  Differences  of  several  iiundred  to  several  thousand  dollars  per  acre  were 
indicated.  Cn  this  basis  recreation  benefits  at  a ^eralnec  reservoir  would  be  on 
the  order  of  several  million  dollars  annually.  Specific  benefits  would  depend  on 
the  size  of  the  lake,  its  nearness  to  St.  Louis,  and  the  number  of  users  of  ti'ie  lake. 

Travel  sovtngs  benefits 

Tables  2 and  3 present  another  metnod  for  calculating  travel  benefits  — a 
conservative  one  — based  on  the  diversion  of  existing  visitors  from  more  distant 
impoundments  to  a closer  one.  The  priiKiple  implied  is  that  cutting  down  travel  by 
locating  activities  closer  is  just  as  legitimate  a benefit  os  building  a highway  to  cut 
down  travel  costs. 

Table  2.  details  the  distance  from  St.  Louis  of  the  eight  nearest  large  reservoirs 
and  their  attendance.  These  are  the  same  reservoirs  shown  on  the  map  and  graphs 
(Figures  2 and  5). 

Table  3 indicates  the  visitor  miles  saved  by  locating  impoundments  closer  to 
St.  Louis.  The  critical  figure  here  is  the  estimate  of  one-third  diversion  from  more 
distant  impoundments.  This  is  based  on  some  questions  asked  at  four  Missouri  State 
Pbrks  in  our  joint  sample  survey  In  1960  and  particularly  the  question:  "If  a lake 
similar  to  this  one  were  built  half  os  far  away  from  your  home,  would  this  decrease 
your  visits  to  this  lake?"  to  the  extent  of  "eliminate  completely,  reduce  greatly, 
reduce  slightly,  rro  effect,  don't  know."  These  were  scored  lOO^o,  75Sb,  25%,  0 
and  the  lost,  "don't  know"  (responded  by  about  20%)  allocated  accordingly.  The 
combined  score  was  one-third  divenion.  The  lakes  proposed  are  only  25*^0  air 
miles  from  St.  Louis  — much  less  than  half  the  distance  to  most  of  the  other  impound- 
ments; one-third  diversion,  therefore,  is  undoubtedly  too  low,  and  one-half  or  some 
other  figure  might  be  better.  However,  asking  people  what  they  might  do  before 
they  do  it  is  uncertain,  so  the  conservative  diversion  of  one-third  was  used.  The 
other  item,  average  trip  length  of  four  days,  came  from  the  some  survey. 

The  results  of  this  procedure  are  summed  up  in  the  last  column  "Total  Visitor 
Miles  Saved."  These  figures  are  increased  10%,  paragraph  B,  to  take  account  of 
other  visitors  In  still  closer  zones  who  would  also  save  miles. 
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Variable  cocf  of  4,85  cents  per  venicle  mile  (9.76  cents  minus  2,54  depreciation/  1 ,08  garage/  and  1 ,29  insurance) 
diviced  by  3.5  passengers  per  ve  licle  equals  1 ,39  cents  per  visitor-mile.  [ Number  of  passengers  from  State  Perk  survey*; 
venicle  cosh  from  Wilbur  Smitn  and  Associotes/  Future  Hlgnways  and  Urbon  Growth,  New  Haven,  1%0,  pp.  281,  285.] 

*TI»e  saved  o#  $2,00  vehicle  hour  or  $.58  per  visitor  hour  ($1 .50  per  hour  for  driver  plus  $.50  for  one  passenger,  0 for 
elbef  1 .5  poMengen  ot  average  speed  40  mph);  1 .43  cents  per  vbitor-mile. 
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In  pcMograpIn  C,  D,  and  E ol  Tobin  3 tho  vbitor  mlloi  fovnd  or*  convnrind 
iniD  doHoR,  again  on  o consorvotive  bosb. 

No  account  b token  of  ponible  Ion  of  bwlnen  diverlwi  fram  compethg  Im- 
poundnenb.  These  Impoundments  were  built  primarily  on  the  bosb  of  other  benefib 
(power,  flood  protection,  etc.)  and  thus  represent  such  cosb,  and  only  the  recrea- 
tion facilities  per  se  need  to  be  considered.  The  overrIdir«  procticol  eonetderatlon, 
however,  h that  recreation  b growing  so  rapidly  thot  there  would  be  only  a very 
short  term  Ion,  If  any,  from  the  small  divenions,  so  thot  the  net  dbbenefh  would 
be  minute. 

One  reduction,  however,  might  be  made  to  lake  account  of  infloHon  bi  the 
official  attendance  figures  (counting  some  ten  minute  stops  oe  vbltor-doys,  etc.). 

If  they  are  inflated  by  a factor  of  two,  about  the  maximum  reasonable  to  expect, 
then  the  various  savings  would  drop  one>bolf.  These  are  Mleoted  In  the  lost  Ibie 
of  porogroph  F of  Table  3.  These  savings  are  only  a partial  measure  of  benefib 
since  they  do  not  measure  newly  generated  bushen  (75%-90%  of  the  total  ex- 
pected). Even  so,  thb  clear  sovlngs  reprosenb  onnual  benefib  of  $700,000  to 
$1,000,000  — o substantial  sum. 

Potentlol  net  benefib  fepreumar’s  surplus) 

From  tm  attendance  pradfetlen  model  (Figure  5)  and  the  estimated  ottendonee 
at  a lypothetleol  reserveb  50  ob  miles  from  St.  Loub  (Table  I),  a still  closer  estbsote 
of  the  total  net  bertefNs  at  tnb  reservoir  eon  be  made  which  inckideo  both  diverted 
end  generated  vbitor  doys.  Thb  can  be  dorte  by  octuolly  estimating  the  number  of 
people  willing  to  go  farther  thon  50  miles  on  t ie  bosb  of  oiir  measures  elsewhere. 

Por  the  case  In  ^Motion  8,000,000  vbHer  days  (unodfusted)  ore  willing  to  go  from 
St.  Loub  to  tnb  reserveb,  but  ef  these  8,000,000  vbitor  days,  4,600,000  would 
bownibigtegoat  least 40 miles,  2,880^000  wouldbe.wltlbig  to  go  at  least 70 
mtfes,  etc.  Fur  these  willing  te  gp  at  leart  lOmWes  forther,  they  In  ewence  ars 
given  a gift  of  at  least  20  mNei  rsund  trip;  these  wNIIng  toge  20mllei  ferther 
ere  ghraHOmNes,  ete. 


th*  total  tmio  and  trovoi  tovingi  for  •oci'i  ton  mllo  block*  The  total  sovingi  in 
Column  5 ore  tummed  to  give  o total  of  about  $4,728/000.  This  represents  the  total 
net  benefits.  These  beiwfits  would  be  greater  for  impoundments  closer  to  St,  Loub 
^^°**»*  loiger  attendortce  and  distance  savlitgs.  We  have  then  divided  this  sum 
by  8,000/000,  tne  theoretical  unadjusted  attendance,  to  give  tne  figure  of  59  cents 
per  vbitor  doy  whicn  we  hove  rounded  off  to  60  cents.  This  ft  the  figure  used  in 
oil  Hie  benefit-cost  ooiculotions  in  tab  report. 

All  vbitafs  do  not  obtain  t.ib  hieoretical  savings  — some  get  less,  some  get 
more  ~ but  splitting  thb  savings  equoily  seems  reasonable,  although  further  re- 
finement ond  reseorc.)  might  well  moke  another  ol'ocotion.  Trice  ond  Vvood,  using 
o lemewhot  shiilor  method,  esMntiolly  based  on  the  difference  between  the  medion 
distence  traveled  and  almost  Hie  greatest  dbtanee  traveled  (the  90th  percentile), 
arrive  at  o figure  of  $2.00  in  Cslifomio.^^  ^r  estimate  b more  conservotive. 

Still  another  way  of  treating  the  problem  b to  figure  whot  ottendonee  and 
revenue  would  be  received  if  edbnitsion  were  c«iorged  for  eocn  vbitor  ~ if  a fence 
were  built  oround  the  reservoir  end  on  entronce  fee  chorged  for  every  vbitor  day, 

^ thb  basis,  at  39  cents,  2,880,000  vbitors  theoratleolly  would  be  willing  ta 
spend  thb  omount  giving  o total  revenue  of  $1, 132,000;  ot  69  centa,  1,920,000 
vbitofs,  total  revenue  $1,324,000;  ot  99  oenb,  totol  revenue  $1,326,000;  ot  $1.29, 
total  revenue  $854,000  ond  so  on  in  decreasing  emounb.  Thus  the  price  on  an  odhib 

slen  charge  bosb  praAicing  the  greatest  revenue  oppeois  to  be  about  $1 .00. 


Tabic  4 

POTENTIAL  TkAVEL  SAVINGS  FOk  i;v.POUND/*iENT  50  A.ILES  FkOA'.  ST.  LOUIS 


Dlstonco  from 
St.  Loub 
(air  mi  lot) 

1 

Visitor  (Lays)  Willing 
to  go  Cbtonco  in 
Col.1,  or  forthor*' 

2 

Approx .Vbitor  (i>ays) 
in  each  incremental 
ton  mile  block 
3 

Travol  A Timo  Cesh  Sar 
Cents  Per.  Approx.Tt 
Vbitor-Oay  (Cd.SxCd 
4 5 

50 

8,000,000 

60 

4,600,000 

3,400,000 

9 

$304,000 

70 

2,880,000 

1,700,000 

39 

669,000 

80 

1,920,000 

960,000 

69 

658,000 

90 

1,340,000 

580,000 

99 

575,000 

100 

980,000 

360,000 

129 

470,000 

110 

734,000 

246,000 

159 

390,000 

120 

564,000 

170,000 

189 

321,000 

130 

443,000 

121,000 

219 

265,000 

140 

354,000 

89,000 

249 

222,000 

150 

287,000 

67,000 

279 

187,000 

160 

236,000 

51,000 

309 

158,000 

170 

197,000 

39,000 

339 

132,000 

180 

165,000 

32,000 

369 

118,000 

190 

140,000 

25,000 

399 

100,000 

200 

120,000 

20,000 

429 

86,000 

210 

104,000 

16,000 

Tolol 

459  73,000 

$4,728,000 

($«5P  per  vitilor-da)f) 


^Uiod|uifed;  for  odjuotod  fiouroi  Id  propoiod  hipeundbonti  MO  Toblo  1. 

At  $.03  per  viiiler-day  mile  (Foetnotw  b ond  c,  Toblo  3)  x ono-holf  found  trip 
dirtoneo  OoprwMli  found  trips  divided  by  the  ovofooe  dbratlen  of  trip  oi 

delofMlned  by  survey  ot  AorasMC  State  Pbtic). 


27 


TMs  «Mntially  b Nm  optimum  point  on  o thoorotisal  domond  eufvo*  Thh 
nguro  yioidi  moro  not  bonofif  tnem  tho  divonion  oitimoto  in  t.io  proeoding  soetion. 
It,  homovor,  h not  tno  optimum  prico  ot  oil  roiorvoin;  at  roMfVoin  clotor  to 
St.  Loub  whoro  moit  ot  Iho  praposod  oltofnotivoi  oro,  o highor  totol  not  bonofit 
would  oecfuo.  Elfhor  o highor  prico  could  bo  choigod  or  at  o low  prico  o much 
loigor  ottondonco  would  bo  oxpoctod. 

Tho  vorioM  wor  foos  wggottod  in  Volumo  1,  Choptor  4,  would  hovo  lomowhot 
tno  tamo  offoet  at  on  ontranco  too  and  to  Ihb  oxtont  would  cut  down  ottondonco 
tomowhot.  Howovor,  at  tho  compoting  lokot  utod  in  our  colculotlont,  foot  oro  obo 
choigod  of  many  or  moit  rocroationbb  making  uio  of  Iho  lako.  Tho  foot  to  bo 
choigod  at  a Moromoc  Loko  whon  tprood  ovor  prodictod  ottondonco  would  ho  vory 
mmII  and  would  hovo  only  o minor  offoct.  Honco  thoy  hovo  not  boon  fokon  bito 
oontidoration. 

For  oil  tho  rooiont  notod  obovo  plut  tho  convonticn  of  uting  o tbigio  vbHof 
day  bonofit  portly  bocouto  coth  oro  to  f iguiod/  Iho  rough  f iguro  of  60  conb  por 
vitltordoy  hat  boon  odoptod.  Furthor  onolytb  could  rofino  Iho  figuro,  probably 
iuitifying  a tomowhot  h^hor  amount  at  noaror  rotorvoin,  but,  at  notod,  Iho  bonofit 
figuro  will  voiy  with  tho  ability  and  dotiro  of  tno  Individuol  vbHor  to  poy. 

(bing  figurot  of  60  conb  por  vbitor-doy  for  grott  rocrootion  bonofib  ond  20 
conb  por  vbitor<-doy  for  annual  rocroation  cotb  yloldi  Initiai  not  bonofib  of 
$1,600,000  to  $4,800,000,  doponding  on  whicn  rttorvok  h contiructod.  Thoto 
bonofib,  couplod  witn  tho  lock  of  tizobio  bonofib  from  othor  tourcm,  moko  it 
difficult  to  ignoro  hio  fact  tnot  rocrootiort  b tho  mafor  potential  uto  of  any  rotoiveir 
conihuctod  in  tho  Moramoc  Batin. 

Impoct  of  rocroation  cn  ^ local  Eco.iomy  and  on  St.  loub 

An  importont  byproduct  of  rotorvoir  coietructlon  In  t.io  t/oiomoc  B6tin  w6uld 
bo  Hi  offoct  upon  tno  oconcmy  of  t.io  hitin  ond  tho  St.  Loub  aroo.  Much  of  tho 
both  area  hat  boon  leiing  pepulalien*,  or wf  boon  lepoinlng.oMho  tamo  lovol.  Tho 


Louis  oroo/  olfnough  growing,  iios  not  b«en  keeping  up  witn  cities  of  comparable 

size  in  providing  new  industrbi  employment  opportunities,  ^any  persons  feel  thot 

reservoir  construction  in  the  Nteromec  3osin  would  lielp  to  reverse  tiiese  trenrb.  The 

possible  economic  effects  on  tiiese  areas  is  examined  on  the  following  pages* 

Tiie  degree  to  which  o recreation  development  provides  stimulation  to  o local 

economy  is  often  overestimated.  However,  there  is  no  doubt  that  in  many  other 

pork  of  tne  Ckarks,  reservoir  recreation  provides  the  only  brignt  spot  in  on  otherwise 

logging  economy.  In  some  coses  It  is  t^ie  original  inhabitants  of  the  area  who  are  the 

moin  beneficiaries  of  a recreation  industry,  but  in  others  It  is  people  wno  hove  moved 

21 

in  from  outside.  There  is  little  doubt  thot  many  fobs  (mostly  seasonal)  would  be 
created  if  reservoir  recreation  were  developed  in  the  Ar«eromec  on  a scale  comparable 
to  that  at  Lake  of  the  Ozarks  or  In  the  W.iite  t»iver  area . 

Levelopment  of  a recreation  industry  should  increase  expenditures  and  net 
revenues  In  o region.  Money  would  be  brought  Into  the  area  in  the  form  of  wages 
and  profits  for  basin  residents.  A rise  in  the  value  of  land  and  facilities  should 
result  in  an  itKreose  in  tox  revenues,  although  more  services  will  have  to  be  provided 

by  local  govemments.  Hor  capito  expenditures  by  recreationists  have  been  voriousiy 

. 22  23 

estimated  to  range  from  >1 .00  or  $2.00  per  day  to  $25.00  per  day.  Surveys  at 

OA 

several  National  Forks  provide  a figure  of  about  $5.00  per  capito  per  doy. 
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According  to  o recent  survey,  about  60%  of  the  operotors  of  tourist-oriented 
businesses  in  t.ie  Czarics  were  octuolly  bom  in  the  C'zarks.  konold  Bird  and  Frank 
ATIIer,  Confrlbutiens  of  Tourist  Tio^  to  Incomes  of  People  In  Missouri  Ozorfcs, 
University  e^  Missouri  Agricultufal  Experiment  Station  keseareh  Bulletin 
Colunrfbio,  1962,  p.  3. 

22" 

C.  S.  Von  Uoien,  lyreotionol  l^oae  and  Visitow  Expyditure,  Govins 
Point  L»om  arrd  lwtMirvoir,T[>iBtt>er,  1^5^,  Stote  University  of  $oufti  Dokoto  Business 
keseorch  Bureou  ^lletW  Number  65,  ^960,  p.  29. 
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Harry  G.  Clement,  Kiver  Bendt  Its  Pdte^iol  feotiomic  SIgnIficoriee  fy 
Morjrlond,  Moryland  Leportment  of  Economic  Uevelopmenf,  Annopolb,  1^1,  p.  1 1 . 

^^Qly  ly  Tourist  Sufvy  (1951),  $4, 12|  Shenondeon  Notiorwl 

Pwfc  T^l»*  Study  (19g),  $6.79;  Greot  6i>clc»  ^mun^air^t  Notionol  ^rk  Trovel 
^tudy  (1^),  f4,66j  Shidies  eonr^ted  ^ f.ie  respective  $tole  Highw^  ^oemiis* 
sions  and  t.ie  U.  S.  Bureau  of  ^iblle  tieodb. 
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toeouse  t.iere  would  probably  be  more  one^doy  viiltori  and  less  overnight  visitors^ 
thh  expenditure  might  be  somewhat  less  In  the  ^«eramee.  On  the  other  nond/  if  o 
lake  were  built  close  enough  to  St.  Louis  to  perniit  persons  wno  worked  in  tne  city 
to  commute  from  permanent  residences  on'Ihe  lake%  the  infusion  of  capital  into  the 
loeol  economy  might  be  considerably  greater.  About  3/4  of  the  money  spent  by 
tourists  goes  into  food/  lodging,  and  transportation. 

Studies  model  by  Arthur  L^Nioore  for  t.ie  Outdoor  Kecreotion  Resources  Review 
Commiuion  revool  interesting  contrasts  in  economic  neolth  between  certain  Ozark 
counties  in  /Uissouri,  Arkansas,  and  Oklahoma  located  along  the  shores  of  major 
reservoirs,  ond  counties  not  so  located.  During  the  post  ten  years  both  groups  lost 
population,  but  the  loss  in  reservoir  counties  was  only  8%  as  compered  to  25fi»  for 
the  non-reservoir  counties.  Reservoir  counties  led  rKxi-reservoir  counties  in  certain 
measures  of  economic  growtn:  increase  in  per  capita  income,  57%  to  23%;  irtcreose 
in  local  tax  collections,  64%  to  4%;  increase  in  retail  sales,  about  70%  to  about 
30%.  Probably  tne  major  impact  on  tiie  local  area  would  be  tne  general  improvement 
of  living  conditions . Desirable  living  corxlitions  are  often  on  important  factor  in 
attracting  orxl  holding  indistries  and  otiier  businesses.  Improvement  in  the  competi- 
tive position  of  the  Meromec  area  by  improving  living  conditiorM  might  be  the  most 
important  effect  of  reservoir  development. 

St,  Louis  would  be  similarly  affected.  Some  additional  spending  for  water 
recreation  equipment  would  probably  take  place  In  St.  Louis,  oltnough  o iorge  portion 
of  thb  spending  would  merely  represent  o transfer  of  spending  from  aitother  sector  of 
the  economy.  The  desirability  of  tne  St.  Louis  area  os  a ploce  to  live  would  be 
innueneed  by  tne  avoilability  of  nearby  water  recreotion  focliities.  Lotger  firms  ore 
finding  thb  on  increasingly  important  factor  in  ottractirrg  top-flight  personnel.  The 
impcrtance  of  thb  effect  should  not  be  underestimated. 

^^ORkRC,  p.  716 
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t^ord  L.  Uliman,  "Amenities  os  o Factor  in  kegionol  Growtn", 

G— raphicol  Movigw,  Vol.  XUV,  No.  I,  1954,  pp.  119-132. 


Character btict  of  Needed  Recreation  Facilities 


The  reservoir  characteristic  which  probably  has  most  effect  on  use  is  distance 
from  potential  users.  The  lower  parts  of  the  h‘>eromec  Basin  are  ideally  situated 
from  this  standpoint.  Other  important  foe  tors  ore  (1)  general  appeoroiKe  of  the 
shoreline/  (2)  size/  shape/  otkI  stability  of  the  water  surface/  (3)  water  quality/ 

(4)  depth  of  water  and  seriousness  of  obstruction  hazards/  (5)  the  climate  of  the 
area/  and  (6)  quality  of  the  fishing.  All  are  discussed  at  greater  length  in 
Appendbc  B. 

vVith  regard  to  general  appearance  of  the  shoreline/  the  Meramec  is  comparable 
to  other  parts  of  the  Ozorks;  and  is  considerably  better  then  most  parts  of  the  Midwest 
outside  of  the  Ozorks.  kolling  to  steep  hills/  fairly  heavily  wooded  and  generally 
devoid  of  man*tiKide  eye>soreS/  are  characteristic  of  the  oreo . 

The  size  of  a reservoir  rrear  St.  Louis  should  be  large  enough  to  handle  the 

multitude  of  recreationists  who  will  moke  use  of  It.  (An  alternative/  probably  more 
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experaive/  would  be  to  build  o very  large  number  of  smaller  tokes.)  For  reerea* 
ticnol  use  it  is  Important  to  hove  a stable  water  surfbee.  If  woter  levels  fluctuate 
greatly/  use  of  the  reservoir  for  recreation  will  be  impoired.  (Soporato  /«ppondix  to  this 
chapter^  The  proctical  limits  on  the  amount  ortd  timing  of  reservoir  fluctuation  ore 
not  folly  known/  hot  It  b imperative  thot  fluctuation  be  kept  to  a minimum. 

v/oter  quality  b important/  olthough  even  very  muddy  reservoirs  will  be 
heavily  used  If  other  charocterbtics  are  desirable.  Water  quality  in  the  Ateromoc  b 
best  in  the  seuth*^entroi  heodwoters;  the  least  desirable  areas  ore  in  the  Lry  Fork  of 
the  A-eramec  or  Bourbeuse  rivets. 

Climate  abo  affects  the  use  of  o reservoir.  Lokes  in  Florido  receive  yeor 
around  use;  the  use  of  those  in  Minnesota  b limited  to  two  or  three  months.  The 
fably  moderate  climate  of  the  beromec  Basin  permits  most  types  of  writer  hosed 
octhrlly  during  four  or  five  months  of  the  year,  and  other  recreation  oetivity  dbrir^ 
several  more  months.  The  hot  mids  ummer  weather  mokes  water  portieulorly  desirable 
for  recreation. 

— y ' ■ — 

Some  possbiiities  for  conshvetion  of  small  lakes  ore  Ibted  in  Appendices  III  and 

VIII  to  die  1949  report  of  the  Meromec  Cooperative  Investigotion  Field  Committee/ 
and  in  Horlond  Bartholomew  and  Assoclofes/  tend  Levefooment  Study:  WbshhMton 
County/  A'Jssourl/  St.  Loub/  ISbO. 


Trw  facilities  Medec!  at  a lorge  lake  near  St.  Louis  would  differ  somewhat  from 
those  neeoed  at  most  other  lakes.  (See  iMgure  7.)  A Meramec  lake,  located  rela- 
tively close  to  the  majority  of  ih  users,  would  experience  a demand  configuiation 
similar  to  that  at  tne  left  side  of  the  chart,  in  contrast  to  the  configuration  at 
right  which  is  typical  of  most  existing  reservoirs.  Picnicking  and  ohier  day-use 
activities  would  be  much  more  importont.  Camping  would  be  relatively  less  im- 
portant, although  t.ie  absolute  number  of  campers  would  be  comparable  to  other 
lakes.  (Vi/hile  picnicking  and  camping  are  of  equal  importance  at  distoiKes  of 
several  nursdred  miles,  at  distances  of  less  tnan  50  miles  camping  has  only  one-fifth 
to  one -tenth  the  rtumber  of  participants.)  Differences  in  other  activities  are  not  as 
prorMMinced,  although  there  is  some  tendency  for  participation  In  a number  of 
activities  to  increase  with  distance  from  place  of  residence.  The  demand  for  week- 
end and  vacation  cottages  (not  shown  on  Figure  7)  should  be  considerable  ~ 
particularly  if  the  reservoir  were  located  within  easy  commuting  distance  of  St. Louis. 

Summary  of  f.ie  uecreotion  Needs  of  tne  frieramec  oosin  ond  St.  Louis 

The  recreation  needs  of  the  area  hove  been  detailed  in  previous  parts  of  this 
chapter,  and  other  aspects  of  these  needs  ore  furtner  discussed  in  Volume  I . (See 
pp.  49-50  for  recommendations  concerning  recreation;  pp.  55-79  for  specific 
reservoir  proposals;  and  pp.  81-86  for  a discussion  of  problems  of  administration 
and  fifMincing  of  recreation  developments.)  It  will  be  useful  to  end  this  detoiied 
discussion  of  recreotion  with  a summary  of  the  recreation  needs  and  problems  of  the 
A/iSraniec  dasin  ond  the  St.  Louis  area  — and  a look  at  how  these  findings  fit  in 
with  recommendations  of  the  Outdoor  kecreotion  Kesources  Review  Commission 
resulting  from  their  recently  completed  national  survey. 

The  orderly  development  of  recreation  facilities  is  desirable  to  improve  the 
attractiveness  of  the  St.  Louis  region.  The  potential  for  such  recreation  development 
in  the  Meramec  basin  is  great  — here  exists  a large  scenic  orea  close  to  St.  Louis 
which  has  not  been  preempted  by  other  uses,  ond  which  possesses  a fairly  mild 
climate  ecnducive  to  outdoor  recreation.  The  primary  need  is  for  moss  water  rec- 
reation focilitiee;  however,  enthusiesm  for  supplying  the  needed  reservoirs  should 


RELATIONSHIP  BETWEEN  DISTANCE  TRAVELED  AND  TYPES  OF  RECREATION  ACTIVITY 

AT  FOUR  MISSOURI  STATE  PARKS  (1960) 

Lake  of  the  Ozarks 
Table  Rock 
Thousand  Hills 
Wappapello 


Other  Boatini 


Distance  from  place  of  retidertce  to  recreation  area  (air  milei) 
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not  obscure  the  desirability  of  variety  in  recreation  — free-flowing  streams  should 
be  avoilable  for  people  who  prefer  them,  and  other  types  of  facilities  should  be 
made  available.  Balance  is  important  in  recreation  planning. 

Keservoir  controls 

A formidable  problem  in  reservoir  recreation  is  the  provision  of  satisfactory 
conditions  for  maximum  public  use  with  minimum  conflict.  Cverali  recreation 
planning  and  coordinotion  must  be  the  responsibility  of  some  public  agetKy,  ai>d 
must  be  undertaken  long  before  reservoir  construction  is  begun.  A/^aximum  benefits 
can  be  obtained  by  an  orderly,  plonned  development  of  the  shoreline,  rather  thon 
haphozard  development.  To  accomplish  this  orderly  development,  some  public 
agency  must  be  oble  to  direct  and  control  the  uses  mode  of  the  reservoir  and  shore- 
line, arnl  must  have  the  authority  to  enforce  its  decisions.  This  need  not  mean  thot 
development  will  be  restricted;  a wide  range  of  activities  and  developments  con 
be  provided  within  this  framework.  It  does  mean,  however,  thot  private  individuals 
will  not  be  able  to  exploit  portions  of  the  shoreline  for  their  own  benefit,  to  the 
detriment  of  other  potential  users. 

Several  methods  ore  available  to  insure  orderly  development.  The  most 
effective  is  public  ownership  of  the  entire  shoreline.  Selected  sites  could  be 
developed  for  public  use,  ond  other  sites  could  be  leased  to  private  developers 
for  specified  uses  under  the  control  of  the  public  recreation  agency.  A slightly 
less  effective  means  would  be  for  the  pubi  ic  agency  which  acquired  the  land  to 
sell  certain  parcels  ta  private  developers  with  controls  imposed  by  deed  restrictions 
rather  thon  by  the  terms  of  the  lease.  A still  lesser  degree  of  control  could  be  ob- 
tained by  the  purchase  of  easements  which  would  restrict  the  owner's  power  to  use 
the  lond  in  ways  which  were  inconsistent  with  proper  development  of  the  loke.  It 
is  sometimes  argued  that  this  method  would  be  cheaper  than  outright  purchase;  if 
this  eon  be  demonstrated,  easements  could  be  used  effectively  In  places.  The  least 
effective  control  is  provided  by  use  of  the  police  power  (zoning).  This  method  has 
generally  proved  ineffective  in  the  past,  particularly  in  rural  areas. 


V f 


v-.r-'v. 
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The  Corps  of  Engineers,  when  it  comes  to  local  assistance  and  to 
recognition  of  the  fact  that  a large  reservoir  creates  problems  for  which 
rto  local  answer  exists  or  is  possible,  must  take  on  at  least  a limited 
degree  of  the  TV''  's  familiar  planning  function. 

As  it  is,  the  Corps  builds  a reservoir  and  that's  it.  I,  eveiopment 
and  even  protection  are  largely  up  to  local  governments  with  no  idea 
of  what  they  are  supposeo  to  oo  and  no  wherewithal  to  do  it. 

[The  State  should  provide]  heavy  doses  of  technical  assistance 
for  counties  without  the  resources  of  leadership  to  fend  for  the^elves 
or  to  employ  (or  even  think  of  employing)  private  consultants. ' 

Ihe  surest  method  of  control  makes  advisable  outright  purchase  of  large  quan- 
tities of  lands  surrounding  proposed  reservoirs. 

The  agency  building  the  reservoirs  should  have  authority  to 
acquire  ample  land  to  assure  capture  of  the  public  benefits  from 
recreation  ....  resulting  from  the  public  investment.  Lost  to 
the  public,  (these  benefits]  become  a windfall  to  private  owners. 

Acquisition  of  most  or  all  of  the  shoreline  by  the  agency  constructing 
the  reservoir  usually  is  advisable.  The  terrain  can  then  be  more 
easily  studied  and  earmarked  for  its  most  advantageous  use,  without 
the  hindrance  of  speculation  ot^d  profiteering  in  lond  vajues  which 
have  been  increased  by  a substantial  public  investment.'^^ 

There  should  be  no  legal  difficulty  in  acquiring  the  necessary  lands  in  the 

Meromec  since  /Viissouri  statutes  provide  for  the  acquisition  through  eminent  domain 

77 

of  sufficient  lands  around  reservoirs  for  recreational  purposes. ' 

Other  controls  are  needed  in  addition  to  land-use  controls.  Ardent  fishermen 
resent  the  rise  of  water  skiing,  skin  diving,  and  motorboating  as  harmful  to  the  sport. 
On  every  lake,  however,  there  are  long  arms,  rKirrow  coves,  and  upper  reaches  of 
water  that  will  always  be  more  suitable  for  fishirtg  than  for  any  other  activity.  A 
system  of  zonirtg  to  keep  those  areas  free  of  motorboats  might  well  be  instolled. 
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Sylvan  .\«yer,  "Influence  of  <\Aetropol  iton  Atlanta  in  the  Upper  Chattahoochee 
Valley  Areo",  Sou'^ter  (Publication  of  the  Southeast  Chapter,  American  Institute 
of  Pioisners),  Aug. -Sept.,  1958,  pp.  28-34. 
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Tennessee  Valley  Authority,  Outdoor  kecreation  for  a Crowing  iNotion, 
Xnoxvillc,  1961,  pp.  2,  7,  14,  lb. 
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Excess  Condemiwition  Low,  Article  1,^27,  Missouri  Constitution. 
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Building  permits  and  leases  should  be  issued  with  restrictions  such  os  those 
outlined  in  Appendix  D.  Group  boot  docks  could  be  encouraged,  leaving  substantial 
frontage  on  the  shore  in  natural  condiflon.  An  architectural  consultant  should  be 
retained  by  the  administering  agency  to  insure  harmonious  development.  These 
controls  will  help  assure  maximum  return  to  the  public  on  the  investment  of  public 
funds. 

Administrotion 

A broadly  based  public  agency  should  be  responsible  for  the  coordination 
and  development  of  recreation  facilities  at  the  proposed  reservoir.  This  agency 
could  assume  one  of  several  forms  which  have  been  used  with  success  elsewhere. 

The  Gook  County  Forest  Preserve  District  in  Illinois  manages  46,000  acres  for  the 
recreotioTKil  use  of  Chicago  area  residents.  In  the  Kansas  City  area,  a 3,400  acre 
park  with  a 1,000  acre  lake  has  been  developed  by  Jackson  County  Park  Department. 
Each  is  operated  by  a single  county.  A multiple-*county  district,  the  Huron-Clinton 
Metropoliton  Authority,  provides  outdoor  recreation  opportunities  for  the  Detroit 
region.  In  the  Son  Francisco  area  a regional  agency,  the  East  Boy  kegionol  Park 
District,  maintains  large  areas  for  recreation.  In  Ohio,  the  Atuskingum  Conservancy 
district  operates  land  surrounding  its  reservoirs  for  recreational  purposes. 

One  of  these  types  of  organizational  forms  could  be  utilized  to  manage  the 
recreational  development  of  the  \.eramec  Basin,  or  a completely  new  form  could 
he  devised  to  suit  the  specific  needs  of  the  Meramec.  Since  the  functions  to  be 
performed  are  similar  to  those  of  a city,  perhaps  a large  area  around  a reservoir 
could  became  an  "incorporated  lake".  An  enlarged  entity  similar  to  the  proposed 
Municipal  County  of  St.  Louis  could  likewise  perform  these  functions.  A semi- 
private  corporation  patterned  after  the  urban  redevelopment  corporation  might  also 
be  formed  to  hondle  the  job  of  recreation  development.' 


A variety  of  administrative  forms  ore  possible.  It  is  essential  thot  problems 
of  recreation  administration  be  considered  ot  the  outset  of  project  planning,  so 
that  the  appropriate  ogency  be  in  operation  when  needed. 
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Finoncing 

The  CKkiiC  report  contains  several  recommerKlotions  relating  to  financing 
outdoor  recreation.  These  deserve  reiteration  here. 

•tacommendotion  1?-1:  State  and  local  governments  should 
consider  general  obligation  and  revenue  bonds  os  a means  of 
financing  capital  investments. 

Kecommendotion  12 -T:  State  and  local  governments  should 
consider  new  revenue-producing  possibilities  in  developing  plans 
for  financing  their  recreation  programs. 

Recommendation  12-3:  Public  ogeiKies  supplying  outdoor 
recreation  opportunities  should  adopt  a system  of  use-r  fees  and 
choiges. 

KecommeiKlation  12-4:  / Federal  program  of  grants-in-aid 
should  be  established  promptly  to  provide  nratching  funds  to  the 
States  to  stimulate  recreation  planning  and  to  assist  in  acquiring 
lends  and  deveiopiirg  facilities  for  public  outdoor  recreation. 

kecommendotion  12-5:  A Federal  loon  program  slfmld  be 
established  to  complement  the  grants-in-aid  program.  ^ 

locotlon 

"Within  limits,  the  location  of  reservoirs  and  artificial  lakes  can  be  deiiber- 
otely  planned.  This  offers  a flexibility  in  distribution  not  paralleled  by  any  other 
woter  recreation  resource.'^  As  pointed  out  in  Volume  I,  maximum  berMflts 
from  development  of  the  water  resources  of  the  Meramec  con  be  obtairted  by 
utilizirsg  reservoir  sites  near  St.  Louis.  As  pointed  out  by  the  Outdoor  Recreation 
Resources  Review  Commission/  the  usefulness  of  land  and  water  resources  for  outdoor 
recreation  hinges  on  three  factors:  (1)  proxknity  to  population;  (2)  physical  and 
logoi  accessibility;  and  (3)  suitability  for  recreation  purposes.  All  three  corsditlons 
con  be  obtained  in  the  A«ramec. 

The  first  task  Is  to  provide  recreation  for  the  metropolitan  regions. 

Cn  the  face  of  it,  this  would  seem  an  almost  impoesibie  task,  for  It  is  pre- 
cisely here  that  land  is  hardest  to  come  by  otkI  most  door.  It  always 
has  been,  however/  end  this  is  why  there  b such  on  imbolorKe  today. 
Traditionally/  State  recreation  programs  hove  directed  pork  ocqubition 
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to  rural  areas.  iNow/  that  urban  land  costs  have  risen  further 
yet,  it  can  be  argued,  it  is  too  late  to  shift  emphasis. 

dut  the  metropolitan  recreation  problem  cannot  be  solved 
somewhere  else,  .^ddltiorral  recreation  land  in  the  faraway 
places  is  needed,  but  the  need  is  far  more  urgent  close  to 
home.  Such  acquisition,  furthermore,  can  be  highly  economical. 

Lond  prices  are  higher  near  built-up  areas,  it  is  true,  but  for 
good  rearan;  that  is  where  the  people  are;  atul  in  terms  of  user 
benefits  $1,000~an-ocre  lond  close  to  people  con  be  q better 
investment  thotn  $100-on-ocre  lond  a weekend  owoy.^^  (em- 
phasis added) 

lor»d  in  Jefferson  arrd  St.  Louis  counties  may  be  more  expertsive  then  land  farther  out 
in  the  basin,  but  in  terms  of  bertefits  accruirsg  from  development,  it  might  be  the 
wisest  allocation  of  funds. 

The  critical  need  for  open  space  acquisition  is  on  the  fringes  of  the  built'-vp 
”*  lond  which  will  become  urbonized  within  the  nsxt  ?0  years  ond  lost  for 
recreotional  use  unless  steps  are*  taken  now  to  prevent  this.  Construction  of  o reservoir 
in  the  Kmtamec  could  be  used  os  a catalyst  to  focus  efforts  on  acquiring  lond  for 
public  use  olong  the  shoreline.  Either  of  the  proposed  reservoirs  nearest  to  St.  Louis 
(Pacific  or  Byrnes  hilll)  would  be  ideal  for  this  purpose.  The  opportunity  will  not  be 
available  long.  "Outright  purchase  of  Central  Park  in  Now  York  City  was  mode  in 
1656  while  it  was  still  merely  hilly  countryside  north  of  the  city.  If  Central  Park 
did  not  exist  todoy,  coulci  Now  York  City  afford  to  dedicate  an  equally  large  tract 
within  its  boundaries  for  park  purposes  now?"*^  Or  closer  to  heme,  whot  is  the  value 
of  Forest  Pork  In  St.  Louis,  which  ot  the  time  It  wos  oequirea  may  hove  seemed  un~ 
necewary  or  overambitious  f Time  has  a woy  of  catching  up  with  even  ambitious  plons. 

The  rocommendotions  of  the  C'lxKnw  indicate  the  neec  to  recognize  recreation 
as  a legitbiato  aspect  of  water  resource  development  projects. 

Outdoor  recreation  should  be  considered  as  on  imporlont  purpose  of 
Federal  multipurpose  vrottr  resource  developments,  and  thus  guaranteed 
full  consideration  in  the  planning,  cesign,  construction,  and  operation 
of  projects.  Federal  invesknents  for  reeroation  should  be  approved  when 
the  recreation  opportunities  created  ore  on  integral  and  homienieus 
element  of  a State  or  regional  recreation  plan  ....  Thb  policy 
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^^•Bumeli  Hold,  Can  OtherJJsesbeA>odejBf_Agrimd^ 
Aomurcot  for  the  Fuhire  .reprint  No.  31,  rMkinglon,  1^1,  p.  Z^5. 


would  poraiit  Fodorol  construction  of  on  faiguKOundmont  primarily 
for  roeroation  in  oroos  of  particular  nood. 

Prosont  procoduros  do  not  ^iiy  toko  roeroation  noodi  into  oecount,  but  it 
Is  likoiy  that  thoso  procoduros  will  bo  changod  in  tho  futuro  in  light  of  tho  CkRC 
roeommondotions.  It  b thoroforo  Imperotlvo  not  to  plan  piojocts  according  to  tho 
procoduros  and  critoria  usod  15  yoais  ago.  Lock  of  forosight  can  result  in  tho 
eomlniction  of  projocb  suited  to  tho  needs  of  the  1940's,  while  tho  needs  of  tho 
next  50  years  go  unsatbfiod,  or  only  partially  satisfied. 

it  is  now  beginning  to  bo  recognized  that  roeroation  must  bo  moved  closer 
to  the  hoort  of  water  resource  planning  if  the  desire  of  the  Amsrteon  people  for 
woter  recreation  is  to  be  adequately  fulfilled. 
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DISTANCE  And  RECkEATIONAL  USE  OF  RESEkVOIRS 

Specific  ciiamplcs  of  the  offoct  of  dblonco  from  morfcols  upon  tiw  rocroofiortol 
uM  of  foiofvoln  oro  providoci  by  tito  1960  ottondonco  figurw  publhhod  by  too  Corps 
of  Engirteofi  for  their  reservoirs.  Tne  rotio  of  the  onnuol  number  of  vlsilor  doys  to 
tne  number  of  ocres  in  the  noimol  recreotion  pool  is  used  os  o meosure  of  intensity 
of  use.  Of  opproKimately  40  lorge  reservoirs  (those  hoving  o noimol  recreotion  pool 
of  ot  ieost  10/000  acres)  listed  by  t « Corps  of  Engineers/  only  seven  hove  on  ottendonce- 
oreo  ratio  greater  than  1(X);  i.e./  more  tnon  100  annual  vbitor'-days/acre.  (See 
Table  5 .)  All  seven  of  these  reservoirs  ore  located  near  large  metropollton  areas. 

Lake  Allotoono  and  Lake  Sidney  Lanier  ore  located  opproKlmately  40  miles  from 
AtionfO/  Georgia  (populotion  1/(XX)/000).  Tenkiller  Ferry  and  Fort  Gibson  reservoirs 
ore  located  opproKknotely  50  miles  from  Tulso/  Oklolioma  (population  5(X)/(XI0).  Old 
Hickory  Reservoir  is  located  within  15  miles  of  NoshvilU/  Tennessee  (population 
400/(XX)).  Lovon  ond  Wnifney  reservoirs  ore  located  within  50  miles  of  the  Col  las - 
Fort  Worth,  Texas  area  (population  approximately  1,500,  (XX)).  No  other  large  lakes 
ore  located  at  closer  distonces  to  large  metropoiitor^  areas,  and  none  hove  attendance'* 
area  ratios  greater  then  100  (only  four  other  reservoirs  come  close  to  100  ~ oil  ore 
located  near  t.ie  Dollos'Fort  Wortli  area). 

A closer  look  ot  some  of  the  smaller  reservoirs  also  serves  to  demonstrate  the 
importance  of  neorrtess  to  large  metropolitan  areas  when  considering  the  recreotienol 
use  of  reservoirs.  Two  small  reservoln  within  50  miles  of  the  Pittsburgh  metropoliton 
area  attract  large  numbers  of  visitors  In  spite  of  their  small  size.  Crocked  Creek 
Reservoir,  about  4(X)  acres,  registered  on  attendance  of  slightly  mote  than  a mlllien. 
Tioneslo  Reservoir,  about  500  ocres,  regblered  almost  500,(X)0  visitor-days.  No 
large  reservoirs  ora  located  nearer  to  t.ie  Pittsburgh  oroo  than  these  two  lohra.  The 
mervoir  on  the  west  fork  of  MiW  Creek  within  the  Cincinnefi  metropolitan  area. 
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Qlthough  only  200  ocroi  in  sizo,  ragiitwod  moro  Inon  1,500,000  viiitor-dbys  in 
I960,  Hoybum  Rosorvoir  loeotod  about  30  milos  from  downtown  Tulto  rogistorod 
olmost  500,000  visifor^yi  in  ?960ovon  though  it  is  only  1,000  ocroi  in  sizo 
and  contains  water  whicn  is  almost  always  muddy.  Chony  Crook  Rosorvoir,  within 
20  milos  of  downtown  Convor,  Colorado,  rogistorod  400,000  visitor-days  on  its 
900  ocros  In  1960,  in  spito  of  tho  existonco  of  numerous  other  moro  ottroctivo 
lakes  ot  slignHy  greater  distances.  Hansen  Reservoir,  within  the  Los  Angeles 
metropolitan  area,  nos  o nonnai  recreation  pool  of  only  100  acres,  but  registered 
more  than  1,700,000  visitor-days  in  1960.  These  figures  show  the  recreation 
potential  of  even  small  reservoirs  If  they  ore  located  very  close  to  the  centers  of 
demand  — large  metropoii ton  areas. 
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Table  5 

CORPS  OF  ENGINEERS  RESERVOIRS  HAVING  A NOR/ML  POOL 


OF  AT  LEAST  10,000  ACRES 

1960  Attondanco 
(Thousand  Visitor-Doys) 

Size 

(Thousond  Acres) 

Visitor-Day 
Per  Acre 

AHconsoB 

Bull  Shoals 

2,580 

48.7 

53 

Ouachita 

2,240 

40.1 

56 

Norfbrk 

1,120 

22.0 

51 

Horkfa 

Lake  Sominolo 

1,370 

40.3 

34 

Georgb 

Allotoona 

2,520 

12.0 

208 

Sidney  Lanier 

5,120 

38.9 

131 

tumio 

Albeni  Falls 

100 

10.8 

9 

Konluelcy 

Lake  Cumberland 

3,110 

50.3 

77 

MlfWWOtB 

Loc  QuI  Porle  Reservoir 

10 

20.0 

0.5 

Mtebtlppi 

Afkabutio 

390 

10.1 

39 

Enid 

420 

13.0 

32 

Grenodo 

1,400 

25.6 

55 

Sardh 

1,460 

28.9 

51 

Mivourl 

Table  Rock 

2,410 

43.1 

56 

wmrons 

Fort  Peck 

160 

232.0 

0.7 

Nobrarica 

Harlan  County  Reservoir 

510 

13.6 

40 

North  Dakota 

Garrison 

340 

324.0 

1 

Oklohomo 

Fort  Gftcon 

3,780 

19.1 

199 

Texoma 

6,620 

91.2 

72 

Tenkillor  Ferry 

2,280 

12.5 

183 

Oregon 

Botwtevlllo 

610 

18.7 

33 

South  Corollno  CloHc  Hill 

3,010 

61.0 

49 

South  Dakota 

Fort  ttondoll 

490 

33.7 

15 

Lake  Traverse 

20 

14.0 

2 

Govirn  Point  (LowisAClafhJI«S00 

29.6 

51 

Oohe 

190 

313.0 

0.6 

Tommmoo 

Center  Hill 

1,270 

18.2 

70 

Dole  Hollow 

1,010 

27.7 

37 

Old  Hickory 

3,990 

22.5 

175 

Tomm 

Dom  B Rosorvoir 

1,270 

13.9 

91 

Gono-Liftlo  Elm 

2,280 

36.4 

86 

Lake  O'  the  Pbio 

1,330 

18.9 

70 

Lovon 

2,080 

11.8 

176 

ToMOtiMno 

1,640 

29.8 

55 

iMiltnoy 

3,200 

M.8 

216 

Vlfglnla 

John  Kerr 

1,790 

53.2 

34 

Lake  WoHik^ShigCiol  1,000 

29.1 

40 

AtaNory 

900 

49.9 

18 
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APPENDIX  B 

QUALITY  OF  IMPOUNDMENTS  IN  REUTION  TO  L'SE 

1h«r«  ora  ma.iy  Foclon  Wiiich  offaet  t.i«  dMirabtllly  of  o moivoir  for  rocroo** 
fionol  MO.  Anony  of  these  ore  nterely  a matter  of  i.idividuol  preference/  but  on  o 
great  number  of  points  there  is  general  ogreement.  The  factors  to  be  discussed  nere 
foil  in  the  w lole  range  from  complete  agreement  to  no  ogreement.  Vt/here  there  is 
o lock  of  agreement,  this  will  generally  be  noted. 

Some  of  these  factors  which  affect  the  recreational  desirability  of  reservoirs 
are  (1)  general  appearance  of  the  shoreline^  (2)  size,  shape,  and  stability  of  the 
woter  surface,  (3)  water  quality,  (4)  depth  of  water  arid  seriousness  of  obstruction 
hazards,  (5)  climate  of  the  area,  and  (6)  quality  of  the  fishing.  <'any  of  these 
factors  ore  interrelated  to  some  degree  so  Lint  t<ie  rating  an  the  basis  of  one  factor 
will  affect  the  rating  on  t>'se  bosh  of  one  or  more  of  the  other  foctors.  For  exomple, 
water  quolity  is  to  some  degree  dependent  upon  the  depth  of  the  woter,  the  size  of 
t.ie  lake;  ond  will  in  him  affect  the  fishiiig  quality  of  the  lake.  It  is  impossible, 
tnererore,  to  isolate  eoc.i  of  these  factors  in  n discussion  witiiout  mention  of  the 
other  foctors.  However,  irKismuchos  possible,  they  are  oiscussed  urtder  the  six 
sub-headings  I isted  above . 

Appeorance  and  character  of  the  shoreline 

Londforms 

The  rating  of  a reservoir  according  to  this  factor  is  controlled  by  its  various 
ecmporse.'its;  the  typo  of  lonoform,  the  type  and  quality  of  the  vegetotion,  soil  and 
bedrock  characteristics,  one  the  effect  of  the  cultural  or  monmaoe  landscape 
features.  It  is  these  physical  features  which  odd  to  (or  detract  from)  the  general 
appeorance  of  the  snareline.  This  appearance  is  the  result  of  the  aggregate  of  the 
above  factors. 

The  principal  iondform  characteristics  ire  slope  and  relief.  Greater  slope  and 
relief  odd  t»  the  visual  oppoiiance  of  e reservoir,  but  often  moke  it  more  difficult 
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to  utilizo  th*  resorvoir  for  recrootionol  purpoMS.  Usually,  although  not  olwoys,  o 
high  flogrM  of  slope  and  large  relief  go  together.  These  characteristics  tertd  to 
moke  o reservoir  more  attractive.  For  exorttple,  Granby  reservoir  in  Colorado  or 
ony  of  the  Ozark  lakes  are  more  attractive  thon  lakes  in  the  Creat  Plains  or  in  the 
flat  forming  country  of  the  ^Aidwest  (Lake  Texoma,  for  example).  Where  large  fluc- 
tuations in  reservoir  level  occur,  steep  slopes  ore  desirable  to  minimize  the  problems 
generated  by  this  fluctuation.  If  the  slope  is  steep,  large  vertical  fluctuations  in 
loke  level  wilt  hove  only  slight  effect  upon  the  horizontal  locotion  of  the  lake 
shore.  However,  steep  slopes  render  the  construction  of  recreation  facilities,  por- 
tieulorly  builditrgs,  more  difficult.  With  steep  slopes occess  to  the  lake  is  also  more 
of  a problem.  These  effects  are  offset  somewhat  by  the  better  vistas  afforded  from 
high  sloping  lortd,  but  apparently  the  effect  is  rtot  great  enough  to  compensote  for 
the  other  problems.  ^ TV^  study  hos  estabi  bhed  that  fairly  level  lartd  can  commono 
higher  prices  — at  leos*  land  bordering  reservoirs  with  relatively  stable  (no-i* 
fluetunting)  water  surfaces.  ^ 

Reservoirs  in  the  A'aramec  Dosin  would  compare  favorably  with  most  other 
reservoirs  on  the  basis  of  the  londform  characteristies  of  their  shorelines.  Except 
for  the  Bourbeuse  River  drainage  area  and  that  port  of  the  Solem  ploteou  drained  by 
the  Dry  Fork  between  the  cities  of  Solem  artd  Rolla,  all  reservoir  sites  are  located 
in  fairly  hilly  land  (and  even  the  Solem  and  Bourbeuse  areas  ore  preferable  to 
northern  Mstouri  arxl  lllhtois  on  this  count).  The  relatively  steep  slopes  found  in 
these  sections  would  tend  to  minimize  the  effect  of  reservoir  fluctuation  which  must 
occur  if  bei>efits  ore  to  be  ciokited  for  flood  control  and/or  navigation . 

Soil  ond  bedrock 

The  soil  and  bedrock  formatiore  of  the  land  along  a reservoir  shoreline  will 
hove  seme  influence  upon  the  choracter  of  the  reservoir  shoreline.  Cloy  soil  is 
INrely  to  result  in  o muddy  shoreline,  whereas  sandstone  or  sandy  soil  will  probably 
result  in  a shoreline  with  sandy  beaches.  The  soil  and  bedrock  foundotion  of  the 
Mesomec  Basin  will  probably  give  rise  to  o stony  shoreline  consisting  of  medium 
sised  reek  along  most  of  its  lertgth  with  a few  sectioiw  of  muddy  shoreline  olcrtg 


^See  forthcoming  study  by  Jock  KnHeh,  Termessee  Valley  Authority. 
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th«  mor*  level  parts.  v’</hile  this  is  not  os  ideal  os  a sandy  shoreline,  it  is  for  more 
desirable  than  a predominantly  muddy  one.  The  possibility  also  exists  thot  there 
would  be  some  sandy  shorel  ine  if  a reservoir  were  built  covering  one  of  the  few  areas 
in  the  basin  where  sandstone  comprises  the  bedrock.  (A  major  outcrop  of  soi'xlstone 
occurs  along  the  Pacific -Crystal  City  axis*)  The  towering  limestone  bluffs  which 
are  characteristic  of  the  rivers  of  the  Aoramec  Basin  would  also  contribute  to  the 
scenic  character  of  the  reservoir  shoreline  where  they  were  not  completely  submerged 
by  the  reservoir. 

Vegetotion 

Vegetation  is  also  very  important  in  determining  the  scenic  quality  of  a 
reservoir.  Contrast,  for  example,  the  treeless  character  of  many  of  the  Great  Ploirts 
reservoirs  with  that  of  LakeOuochitiin  Arkansas  where  one  finds  pine  trees,  deciduous 
trees,  and  grassy  pastures  intermingled.  A tentative  scale  of  vegetotioiKil  desira- 
bility might  be  set  up  os  follows:  (beginning  with  the  most  desirable) 

(1)  A'Jxed  evergreen  trees,  deciduous  trees,  and  open  land  grassland  or  eroplond). 

(2)  Evergreen  trees  and  open  land. 

(3)  Leciduous  trees  and  open  land. 

(4)  Evergreen  trees  otkI  deciduous  trees. 

(5)  Evergreen  trees. 

(6)  Deciduous  trees. 

(7)  Grassland  or  croplartd. 

(8)  Barren  soil  (no  vegetation). 

The  gop  between  categories  6 and  7 is  probably  loiger  than  the  gap  between  any  of 
tfie  other  categories. 

The  Aieromec  Basin  contains  a variety  of  vegetatiorral  forms  but  in  general 
does  not  hove  lorge  numbers  of  evergreen  trees . {Reservoirs  located  in  the  central  or 
south  central  parts  of  the  basin  would  fall  generally  into  categoryb  (solid  deciduous 
foresti),  with  perhops  a few  areas  of  category  4 (mixed  evergreen  and  deciduous 
forests)  where  pine  trees  become  numerous  enough.  Most  other  ports  of  the  basin 
would  fall  into  cotegory  3 (deciduous  forest  and  open  lond).  Along  seme  ports  of 
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the  lewder  Big  River,  juniper  (cedar)  trees  become  numerous  enough  to  justify  a cate- 
gory 1 rotmg  (mixed  evergreen  forest,  deciduous  forest,  and  open  land)  although 
this  type  of  evergreen  tree  is  probably  not  in  the  same  class  os  pine  trees.  From  the 
standpoint  of  the  scenic  quality  of  the  vegetation  this  section  of  the  lower  Big  River 
would  probably  attain  a fairly  high  rating,  with  the  rest  of  the  bo'in  not  far  behind. 

Culturol  feotures 

I Cultural  features  of  the  landscape  can  either  add  to  or  detract  from  its  appear- 

ance. A reconstructed  colonial  or  frontier  village  overlooking  the  lake  would  be  a 
definite  asset.  Well-designed  and  constructed  public  or  private  recreation  facilities 
would  likewise  be  an  asset.  However,  uncontrolled  corrmercial  or  private  facilities 
could  tecKf  to  reduce  the  value  of  a reservoir  for  recreation  because  of  their  un- 
sightliness. Two  contrasting  examples  from  the  state  of  Ohio  serve  to  illustrate  the 
difference  between  controlled  and  uncontrolled  developments.  At  Buckeye  Lake 
* rtear  Coiumbus  unplanned  development  has  resulted  in  a hodge-podge  of  closely 

I spaced  houses  (nrany  of  them  poorly  maintained)  immediately  adjacent  to  o noisy 

amusement  pork.  Lest  Ihon  100  miles  away,  by  way  of  contrast,  the  structures  along 
the  shorelkse  of  Leetville  reservoir  (one  of  the  rViuskingum  reservoirs)  blertd  into  the 
shoreline  because  of  the  stipulation  that  only  certain  colors  and  finishes  may  be  used 
4 on  the  oulsidet  arid  rooft  of  these  structures.  As  a result  these  structures  blend  into 

the  background  of  the  shore!  ine  and  do  rxst  intrude  upon  the  consciousness  of  other 
lake  users. 

Physicol  chorocteristics  of  the  lake 

[ koservoir  slxe 

The  size  of  o reservoir  is  important  for  some  types  of  activities;  unimportant 
for  others.  Obviously,  o larger-sized  reservoir  can  occommodate  more  recreationists 
Ihon  o small  one.  However,  the  aspect  under  consideration  here  is  the  size  of  a 
sbigle  reservoir.  In  other  words,  is  there  any  odvantage  to  having  a single  reservoir 
of  ?0,00f)  oeres  rather  them  ?00  reservoirs  of  100  acres  eoch?  As  mentiorwd  previ- 
ously# the  answer  depends  upon  the  octhriHes  under  consideration.  For  motor  bootirrg 
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and  water  skiing  large  expanses  of  water  ore  necessary.  However,  even  for  these 
activities,  there  is  probably  a sire  above  which  arty  increases  are  irrelevant.  Motor- 
boaters  in  particular  often  like  to  be  able  to  take  long  trips  and  explore  numerous 
inlets  along  a large  lake.  Size  is  also  of  some  importance  to  people  who  make  only 
visual  use  of  the  lake  (campers,  picnickers,  sightseers).  Here  again,  there  is  urtdoubt< 
ediy  on  upper  limit  beyond  which  odditiortol  irtcreases  are  irrelevant.  Sites  are  avail- 
able in  the  iVieramec  for  reservoirs  ranging  from  a few  acres  to  almost  100,000  acres. 


Reservoir  shai 


The  shape  of  a reservoir  is  not  one  of  its  most  important  characteristics,  but  is  of 
some  concern  in  several  types  of  recreation  activity.  The  brood,  flat,  open  type  of 
lake  is  preferred  by  sailboaters  because  of  the  unobstructed  breezes  it  affords  and  by 
water  skiers  because  of  the  greater  maneuvering  room  afforded  them.  The  narrower, 
more  winding  type  of  lake  is  preferred  by  most  users  who  are  interested  only  in  the 
scenic  quality  of  the  lake.  A^torbooters  are  divided  on  the  subject  — some  pre- 
ferring the  large  open  lake  for  speedboating,  others  preferring  the  winding  type  of 
lake  for  the  scenic  vistas  it  affords.  Most  potential  Meramec  reservoirs  are  of  the 
letter  type.  (The  size  of  a lake  is  usually  available  and  is  given  in  acres.  The  shape 
of  o lake  cannot  easily  be  reduced  to  a single  statistic.  However,  some  idea  of  the 
shape  of  a lake  con  be  derived  from  a comparbon  of  the  size  of  a lake  artd  the  length 
of  its  shoreline.) 


Stobility  of  reservoir  surface 


The  importortce  of  stability  of  the  lake  surface  (the  amount  of  fluctuation) 
depends  upon  the  degree  to  which  each  activity  b associated  with  the  shoreline. 
Swimming  b very  much  a shoreline  activity  and  b therefore  affected  to  a greater 
degree  than  most  other  octhrities.  Lake  fbhing  from  the  shore  b affected  to  a lesser 
degree.  Fishing  from  boots,  motorbooting,  and  water  skiing  are  affected  only  insofar 
as  the  maintenance  of  boot  lounching  focilities  becomes  more  difficult  and  expensive 
with  increased  flwctuotien.  Other  octhrities  wouid  be  effected  only  if  the  fluctuation 
hod  o detriwentef  eMect  upon  the  oppeotonce  of  the  vegetation  along  the  shoreline. 
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(/  more  detailed  analysis  of  the  effects  of  reservoir  fluctuation  is  contained  in  a 
separate  appertdix  to  this  chapter.) 

Depth  of  woter 

The  depth  of  a lake  is  not  in  itself  one  of  the  more  important  factors.  It  does, 
however,  have  an  effect  on  other  factors.  For  example,  it  affects  the  turbidity  and 
temperature  of  the  water  and  its  potential  for  fishing.  A certain  minimum  depth  is 
required  for  water  skiing  and  boating,  but  once  these  few  feet  of  depth  are  obtained, 
depth  of  water  is  not  critical . (If  use  of  the  more  shallow  portions  of  a proposed 
reservoir  for  motarbooting  and  water  skiing  is  onticipoted,  it  is  necessary  thot 
greoter  care  be  exercised  in  removal  of  tree  stumps  and  other  obstructions  from 
these  shallow  sections.)  Depth  of  water  is  very  important  with  regard  to  a sport 
which  is  becoming  increasingly  popular  — skin  diving.  Both  water  clarity  and 
water  depth  are  desirable  for  this  activity. 

Water  quolity 

* 

Another  important  factor  affecting  reservoir  attractiveness  is  water  quality.  i 

The  most  important  measures  of  water  quolity  for  recreational  purposes  ore  (I) 
turbidity,  (?)  sanitary  or  bacteriologicai  water  quality,  artd  (3)  temperature. 

Turbidity 

Turbidity,  although  not  necessarily  the  most  important  foctor,  has  on  effect 
upon  o greoter  rxenber  of  activities.  Since  muddy  water  is  noticeable  from  a great 
distatKe,  it  affects  not  ordy  those  activities  which  involve  direct  physical  contact 
with  the  water,  but  olso  those  whose  only  contact  is  visual . While  the  prinrary 
effect  of  turbidity  will  be  felt  by  those  activities  suoh  os  booting,  water  skiing,  otkI 
swimming  .Vrhich  require  close  contact  with  the  wote^  some  effect  will  also  be 
noticeable  on  camping,  picnicking,  ond  sight-seeing. 

Sonitory  quolity  orrd  temperature 

Sonitary  water  quolity  ond  temperature  of  the  lake  water  influence  only  those 
activities  in  which  the  recreatlonist  is  in  actual  physical  contact  with  the  water. 

* 

i 
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However,  its  effect  on  these  'ictivities  is  very  gre^t.  Woter  skiing  and  swimming 
moy  be  comp'ete'y  ru'ed  out  if  the  witer  temperature  is  too  'ow  or  if  the  wter  is 
pol'uted.  Fishing  is  ■:i!so  gre*>t'y  affected  by  these  two  factors.  Water  po'lution 
can  great'y  damage  or  even  completely  eliminate  the  fishing  potentia*  of  a reservoir. 
Changes  in  woter  temperature  con  also  effect  greet  changes  in  the  character  of  the 
fishery  resource.  At  Lake  Taneycomo  in  southern  Missouri,  for  examp' e,  worm 
water  species  of  lake  fish  hove  given  woy  to  co!d  wjter  species  (trout)  when  the 
release  of  co'd  water  from  the  newly  comp’eted  Tab'e  Rock  Lake  upstream  effected 
a change  In  water  temperature.  At  the  same  time  water  skiing  has  decreasec^ and 
swimming  in  the  lake  has  been  greatly  reduced  (most  resorts  on  Lake  Taneycomo 
have  found  it  necessary  to  construct  swimming  poo's  for  the  use  of  their  guests  be- 
cause the  lake  water  is  too  cold  for  comfortable  swimming).  Both  natural  and  man- 
made lakes  hove  had  their  recreation  potential  reduced  by  pollution.  Beaches 
aloiag  ports  of  the  Great  Lakes  have  been  closed  because  of  pol'ution.  In  tne 
•Vmskirtgum  Valley,  plans  fora  recreation  poo!  behind  Dover  Cam  on  the  Tuscarawas 
River  were  abandoned  because  of  wastes  discharged  into  the  river  by  cities  upstream. 

Fishing 

The  fishing  quality  of  a lake  is  rather  difficult  to  define.  It  is  represented 
by  such  statistics  as  the  rate  of  catch,  the  size  of  catch,  the  species  composition 
of  the  catch,  and  other  factors.  It  is  important  to  only  one  -tctivity  ~ fishing. 

!t  is  not  necessarily  linked  to  other  factors:  for  instance,  even  if  a reservoir  were 
highly  rated  on  each  of  the  other  factors  affecting  recreation  use  but  a poor 
reservoir  for  fishing,  its  use  by  fishennen  wou’d  probably  be  limited.  (The  fishing 
quality  of  a reservoir  wou'd  probably  have  some  effect  also  on  skin  diving.) 

Climate 

Climate  is  another  factor  which  affects  recreational  use  of  a reservoir.  It 
ranks  with  turbidity  in  the  number  of  octivities  affected.  A reasonably  mild 
temperature  is  required  for  most  water-borad  activitiet.  These  activities  requiring 
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physical  contact  with  the  water  (water  skiing  and  swimming)  ore  greatly  affected  by 
temperature.  Activities  which  take  place  primarily  out  of  doors  are  likewise  greatly 
affected  (camping,  picnicking,  and  boating),  ^iotorboaters  can  insulate  them- 
selves somewhot  from  the  cold  temperatures,  depending  upon  the  type  of  boot.  Again^ 
fishermen  seem  less  susceptible  to  the  conditions  of  precipitation  than  do  other 
recreotionists  with  a similar  degree  of  protection  from  the  elements. 

The  climate  of  the  St.  Louis  area  is  ideally  suited  for  most  types  of  water- 
based  activity  durirtg  three  or  four  months  of  the  year.  The  weather  during  the  summer 
months  Is  warm  and  reosorvibly  clear.  This  summer  recreation  season  is  preceded  otkI 
followed  by  a period  of  one  or  two  months  during  which  weather  conditiom  are 
generally  suitable  for  some  kind  of  outdoor  recreation  activity.  There  is  only  a 
period  of  approximately  four  months  during  the  winter  when  conditiom  are  such  os 
to  discourage  most  types  of  outdoor  recreation . 

Accessibility 

An  additional  factor  affecting  the  recreational  desirobility  of  o reservoir,  but 
somewhat  in  a class  by  itself,  is  accessibility.  It  is  a factor  which  is  influenced  by 
rtoturol  foctors  but  is  controlled  by  human  factors.  The  temi  accessibility  is  used  to 
refer  to  two  slightly  different  factors.  One  Is  the  distonce  in  teirms  of  miles  or 
minutes  from  major  centers  of  demand  to  the  reservoir  area.  The  other  use  of  the 
term  refers  to  the  degree  of  difficulty  of  obtoinirtg  access  to  different  parts  of  the 
reservoir  and  its  shoreline.  Obviously  both  are  knportont  to  the  recreational  use  of 
o lake,  and  they  affect  all  types  of  recreation  activities. 

Summery 

A summary  of  the  effects  of  these  various  factors  on  different  types  of  activities 
in  tabular  form  is  presented  in  Table  4 . The  previous  discussion  has  been  on  a 
factor-by-fbetor  bash.  The  review  which  follows  h on  on  octivity-by-octivity  basis. 

Other  boating  is  affected  by  the  four  shorel  ine  factors,  by  reservoir  shape,  by 
turbidity,  and  by  elbiwte.  /viotorboating  h likewise  affected  by  the  four  shoreline 


Table  6 

EFFECT  OF  PHYSICAL  FACTORS  ON  VARIOUS  RECREATION  ACTIVITIES 
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choracfariities.  If  is  likcwis*  aff«cl*d  by  Hm  tiz«  of  the  reseivoir/  and  to  a loner 
degree  byitssh'ipe  -«id  depth.  Turbidity  of  the  water  is  quite  importantyond  climate 
is  of  some  importonce.  Water  skiing  is  greatly  influenced  by  the  size  and  shape  of 
o reservoir  and  to  some  extent  by  iH  depth.  It  is  also  greatly  affected  by  the  three 
measures  of  water  quality  and  by  climate. 

Swimming  is  affected  by  the  soil  and  bedrock  choracteristics  of  the  shoreliite 
and  to  o lesser  extent  by  the  landfotms  and  vegetotion.  It  is  very  greatly  affected 
by  the  stability  of  the  water  level  arxi  the  depth  of  the  water.  All  three  measures 
of  water  quality  ore  of  great  importance,  as  is  climate. 

Fishing  is  somewhat  affected  by  reservoir  stability,  depth,  turbidity,  and  by 
climate.  It  is  affected  to  a greater  degree  by  the  sonitory  quolity  of  the  water, 
water  temperature,  and  of  course,  by  the  fishing  quality. 

Camping  b most  affected  by  the  four  shoreline  choracteristies  ar»d  by  climate. 

It  is  affected  to  o lesser  degree  by  the  size  and  shape  of  the  reservoir  or>d  the 
turbidity  of  its  water.  Picnioking  is  affected  by  the  some  fbctors  as  camping,  otkI 
to  roughly  the  same  degree.  Sightseeing  artd  relaxing  are  also  affected  by  the  same 
foetors,  and  approximately  to  the  same  degree  (except  that  climate  is  of  len 
importance). 

Skin  diving  is  affected  to  o slight  degree  by  the  fishi>ig  quality,  and  to  egroeter 
*^*fl*’**  depth  of  the  water,  the  climats,  artd  the  three  measures  of  water 
quolity. 

Mtfomte  reservoirs  would  rate  well  on  most  ospeots  of  reservoir  quality. 
Shoreline  choracteristics  would  be  quite  good.  Sites  are  available  which  ollow 
good  physieol  lake  choracteristics,  but  core  must  be  token  to  insure  thot  use  of 
reservoirs  for  multipie  purposes  dees  r»ot  adversely  'iffect  reservoir  stability  (shoreline 
flueluotien).  Water  quolity  in  o .VIeromec  reservoir  would  be  above  average.  Fish- 
Ing  quolity  should  also  be  gcrad,  and  the  olknatie  choracteristics  of  the  area  would 
assure  o fairly  long  recreotion  season.  The  factor  of  accessibility  is  of  considerable 
Impwkmee,  and  It  Is  here  thot  Afaramec  reservoirs  would  be  most  highly  rated. 
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How»«v«r,  «v«n  within  Hm  />'«fam«e  Hwiw  ar«  tiaobls  diff«r«ncM  in  occMiibility. 
RaMTvoin  n«<3r«r  St.  Louis  would  provido  bonofih  to  a lorgor  number  of  poisons 
and  oro  thoroforo  proforobio  to  moro  distant  ones. 
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APPENDIX  C 

;<ECREATI0NAL  value  of  r^ESEUVOIRS  AT  VARIOUS  LOCATIONS  IN 

THE  A'.ERAV.EC  BASIN 

The  optimum  location  of  o resofvoir  primarily  for  recreational  purposes  will 
reflect  the  interaction  of  o number  of  often  conflicting  factors.  Probably  the  most 
important  of  these  is  proximity  to  a lorge  number  of  potential  users.  Other  focton 
bKlude  the  scenic  quality  of  the  landscape  or»d  the  quality  of  impoursded  water. 

The  relative  desirability  of  these  factors  must  be  balanced  against  the  amount  of 
benefits  to  be  derived  from  other  multiple  purposes  ortd  the  costs  irtvolved  in  con- 
structing o reservoir  at  o particular  site. 

Whot  follows  is  o very  general  discussion  of  possible  reservoir  sites  in  the 
A/ieramec  Basin  with  primary  attention  to  their  recreotiorKsI  value»  ond  secorrdory 
ottention  to  other  possible  berrefits.  The  orrolysis  is  not  mode  on  the  basis  of  precise 
doto/  but  only  on  rough  estimates  of  the  importance  of  these  various  focton.  The 
poterrtial  reservoir  sites  ore  cortsidered  in  oscendittg  upstream  order. 

Sites  on  the  lower  Aleromec  River 

Several  potential  sites  exist  in  the  lower  Meromec  Basin  (thot  is^on  the  Meramec 
River  below  its  confluence  with  the  Big  River).  In  this  area  there  ore  three  likely 
dam  sites  which  could  be  used  to  creote  lakes  extending  above  the  confluence  of  the 
AAeromec  and  Bouibeuse  Riven  and  on  the  Big  River  to  o point  above  Mone  Mill . The 
fint  site»  neor  Fenton,  would  create  a lake  which  would  have  tSo  advantages  of  beirtg 
o large  loke,  in  fairly  scenic  country,  and  os  close  to  the  St.  Louis  Metropolitan 
Areo  as  is  pomfele.  Unfortunately,  it  suffen  from  the  disedvontoge  of  being  very 
expensive  to  construct.  Within  the  oreos  to  be  inundated  by  this  lake  are  the  cities 
of  Volley  Pork,  Times  Beach,  and  Pacific;  the  $50,000,000  Chrysler  assembly  plant; 
•**®*'*  I®*®*  ten  miles  of  the  rtraln  line  of  the  Missouri  Pocific  and  the  Frisco  Roilroods; 
os  well  os  several  miles  of  the  recenMy  completed  Intentote  highway.  The  replace- 
ment costs  of  those  facilities  result  In  urululy  large  costs  for  the  protect. 

Another  site  exists  several  miles  upstream  at  Lincoln  Beach.  Although  locoted 
somewhot  farther  from  the  heart  of  the  St.  Louis  urbanised  orea,  it  would  pessem 
sisohle  recreation  potential . It  would  hove  the  odvontoge  of  sporir«  the  city  of 
Volley  Fork  and  the  Chrysler  assembly  plant  from  bwndoticn,  end  would  ovoid  meet 
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of  tho  rolocotion  of  Intoretoto  Routo  44.  However,  it  would  require  railroad  reloca- 
tions os  extensive  os  those  of  tne  previously  described  reservoir.  Again,  these  costs 
ore  likely  to  prove  excessive  when  comporodto  the  costs  of  other  passible  locotioru. 

A third  lower-basin  site  b located  just  above  Times  Beach.  In  nearness  to 
the  St.  Loub  Metropolitan  Area,  it  is  comparable  to  the  previously  described  loca- 
tion. A dam  at  this  location  would  have  the  advantage  of  dislocating  only  one 
major  town.  Pacific,  requiring  no  relocation  of  tne  interstate  highway,  and  less 
relocotion  of  the  railroads  than  the  preceding  two  reservoirs.  Its  scenic  character- 
btics  and  the  quality  of  its  water  siiould  be  little  different  from  the  previously 
desorbed  reservoin.  In  tenns  of  accessibility  it  rates  somewhat  below  tlie  Fenton 
reservoir,  but  very  similar  to  tne  Lincoln  Beach  reservoir.  All  three  of  these  reser- 
voin would  hove  less  clear  water  than  some  upper  basin  reservoin  because  they  would 
receive  water  from  both  the  Bourbeuse  River  and  the  Big  River  in  addition  to  the 
Vnramec  River.  These  reservoin  would  hove  odvontoges  over  upper  basin  reservoin 
in  the  ease  witn  which  regulation  of  shoreline  uses  can  be  ocnieved.  Ports  of  these 
rworvoin  would  be  in  St.  Loub  County,  which  has  an  octive  Planning  Commission 
equipped  to  perform  such  zoning  os  would  be  needed.  The  other  ports  of  the  lake 
would  be  in  Jefferson  oitd  Franklin  counties,  both  of  which  ore  probably  more  owore 
of  the  rteed  for  plonning  ortd  zoning  regulotiorts  than  would  be  the  cose  in  uppor 
basin  counties. 

Reservoin  in  the  lower  bosin  would  possess  certain  odvonloges  in  reference 
Id  other bertefHs  to  be  obtained  from  water  resource  development.  The  reservoir 
formed  by  o dam  near  Tiittes  Beach  (Lake  Pacific)  could  do  on  efficient  job  of  flood 
eorrtrol  in  the  lower  Meramec  because  of  ib  location  fust  above  the  primary  flood 
domoge  cerrten.  The  other  two  reservoin  would  probably  flood  out  os  much  or  more 
wobte  property  os  they  would  protect  in  the  A^teromec.  All  three  reservoin  would 
be  most  useful  for  Mbshsippl  River  flood  protection.  All  three  would  likewise  be 
ideally  suited  for  A/4ssisslppi  River  rrovigotion  benefits.  Because  of  the  large  surface 
oroa  end  the  relatively  steep  shoreline,  a greet  deal  of  storage  would  be  available 
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without  largo  latoral  fiuetuatlora  in  the  roiorvoir  shoiolino.  if  hydrooloctrie  powor 
should  provo  foosiblsi,  those  dams  would  bo  well  located  with  regard  to  the  domond 
for  electric  power.  Water  supply  benefits  in  the  Meromec  Baebi  ore  likely  to  be 
limited  to  supplying  water  to  potentially  deficient  oreas  in  northern  Jefferson 
Gxmty  and  southern  St.  Louis  County.  These  three  reservoirs  would  be  ideally 
situated  to  satisfy  any  demand  for  the  municipal  and  industriol  water  from  this  area. 

Sites  on  the  lower  Big  River 

The  next  most  desitxible  gruup  of  reservoir  sites  with  regard  to  their  recreatiorKii 
volue  is  found  on  the  lower  Big  River.  The  most  promising  sites  in  this  reach  are  one 
at  mile  0.5  above  the  mouth  of  the  base  (Byrnes  Mill  Reservoid  one  near  Cedar  Hill, 
and  one  above  AAorse  Mill . 

The  site  near  the  mouth  of  the  Big  River  offers  the  most  in  terms  of  accessi- 
bility to  St.  Louis  recreationists.  A dam  ot  this  location  would  result  in  j wide, 
attractive  lake  and  would  cause  a minimum  of  disruption  to  settlements  and  I ines  of 
oommunicotion;  no  railroads  or  ma{or  roadk  would  be  affected.  In  most  aspects  it 
would  be  similar  to  the  Times  Beoch  reservoir,  but  would  be  only  one-thfrd  to  one- 
holf  the  size.  It  would  hove  the  odvorttage  of  causing  less  dtsloeotion,  but  would 
hove  the  disadvantage  of  storing  less  water  pet  dollar  bivested. 

Cedor  Hill  reservoir  would  be  similor  In  most  respects,  but  would  come 
lets  dislocation  since  it  is  locoted  above  the  town  of  Cedbr  Hill.  Therefore,  it 
would  affect  only  Morse  Mill.  The  Cedor  Hill  reservoir  would  olse be  semewhot 
lem  oecesslile  to  St,  Louis  recreation  bts. 

A reservoir  locoted  above  Morse  Mill  vrould  couse  preetioolly  nodWoeoMon. 
However,  it  would  bo  the  least  occessible  of  the  three  rmerifelri  en  the  lower  Big 
River. 

All  three  of  these  reservoirs  en  the  lower  Big  River  would  probebly  hove 

woter  quelHy  similor  to  rewrvoirs  en  the  lower  Meromee  River.  Their  eentribuHen 
te  flood  control  and  novigetien,  hewevor,  would  be  eensMoreMy  less  bsMouse  they 

eenirel  only  dbeut  ene-feurth  oi  much  dtebiege  oree  os  the  dtoiM  en  die  lower 
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SiNs  on  the  middle  Mfom»c  Rivr 

Th«  next  group  of  rosorvoirs  in  tonra  of  occoMibilify  or*  on  the  ^>eromee 
belw^een  the  junction  of  the  Oourbeute  River  and  tlie  junction  of  the  Big  River. 

Water  quality  in  this  areo  would  not  be  significantly  different  from  that  of  the 
previously  described  reservoirs.  A dam  ot  the  Robertsville  location  would  cause 
ports  of  the  city  of  Union  to  be  inundoted,  and  would  require  relocation  of  small 
segments  of  the  Interstate  Route  44  otkI  the  Frisco  Railroad.  Its  volue  for  flood 
control  and  navigation  would  be  high,  since  it  would  control  more  than  half  of 
the  total  drainage  orea  of  the  Meromec  ot  a point  just  above  the  reoches  of  maximum 
flood  domqge. 

Sites  on  the  upper  Metomec  River 

The  next  group  of  reservoirs  in  terms  of  accessibility  would  be  those 
locoted  on  the  Meromec  River  above  its  confluence  with  the  Bourbeuse  River.  All 
of  these  sites  would  be  easily  accessible  from  Highway  66.  All  would  have  woter 
which  H considerably  eleorer  than  ar»y  of  those  sites  previously  mentioned  {because 
they  would  be  above  the  sedinMnHoden  Bourbeuse  River).  All  of  these  reservoirs 
would  be  foirly  useful  for  flood  and  rwvigetion  storage.  However,  reservoirs  in 
this  area  pose  a problem  becouse  of  the  scenic  coves  which  ore  located  along  the 
river.  These  are  presently  the  major  scenic  ottracHons  of  the  Meromec  region,  end 
many  would  be  flooded  by  several  of  the  penMe  reservoirs  in  this  reoch'  unless 
their  copocities  were  limited.  (The  locoHon  of  these  coves  is  shewn  In  Figure  3 
of  Vduee  II,  Chapter  4.) 

Another  disadvantage  of  targe  reservoirs  in  the  upper  port  of  this  oreo 
would  be  die  flooding  out  ef  two  of  the  most  pieosont  canoeing  and  fishing  streams 
bi  the  Meramec  Bosin  — Huuoh  ond  Ceurtab  Creek.  The  heovily  wooded  oreo 
edikh  would  omIw  up  the  shoreline  ef  these  reservoirs  would  be  quite  attractive 
(ollbauih  perbeps  net  os  ottioetfve  os  one  intarspersed  with  cleored  oreos).  An 
oddMeswl  edventage  of  reservoirs  in  thb  oreo  b thot  port  of  their  shoreline  would 
be  etaeg  taed  which  b dreedjr  puMiely  owned  (Meromec  State  M end  Hussoh 
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Wildlife  Area)  artd  the  lequisition  of  more  public  land  by  expanding  these  nre^s 
would  probobly  be  facilitated. 

Sites  on  the  Bourbeose  River 

Aftother  group  of  reservoirs  might  be  constructed  on  the  lower  ports  of  the 
Bouibeuse  River.  All  of  the  feasible  sites  are  above  tlie  city  of  Union.  The  land- 
scape created  along  these  shorelines  wo*jld  be  quite  pleosont  ••  composed  of  some 
woodland  interspersed  with  cultivated  fields.  However/  because  of  more  gentle 
slopes/  problems  arising  from  shoreline  fluctuation  would  be  greater.  The  water 
would  be  muddier  than  the  water  of  any  of  the  previously  mentioned  reservoirs. 

An  additional  drowbock  is  the  general  opposition  to  large  dortu  by  the  people  of 
the  Bourbesee  River  area.  In  terms  of  occessibility  to  large  numbers  of  recreationists 
these  reservoin  would  ronk  below  those  on  the  Meramec  previously  mentioned.  The 
flood  control  and  navigation  potentfabof  reservoirs  on  the  Bourbeuse  would  be  less 
then  any  of  those  previously  described  for  the  ^ieramec/  and  would  be  comparable 
to  those  previously  described  for  the  Big  River. 

Sites  on  smaller  streorrrs 

Two  other  groups  of  reservoirs  deserve  mention.  One  group  would  consist 
of  reservoirs  on  the  upper  reaches  of  the  Meromec/  Bourbeuse/  and  Big  Rivers; 
another  group  would  corr.ist  of  reservoirs  on  some  of  the  smaller  tributaries  of 
these  rivers  in  the  lower  basin  closer  to  St.  Louis.  The  letter  group  would  have 
eonsideroble  recreotion  potential/  but  costs  are  likely  to  be  higher  than  the  larger 
reservoirs  (based  on  dollars  per  unit  of  capacity).  They  would/  however/  offer 
odvontoges  — more  flexibility  of  tocotion/  probably  less  totol  cost/  and  greater 
ease  of  zoning  for  specific  types  of  use.  Among  the  disodvontoges  would  be  their 
United  multi*^rpese  use/  their  high  cost  per  acre  of  water  surfoee  provided/  and 
the  pessfeility  that  they  would  be  quickly  saturated  by  recreationists. 

The  other  group  of  reservoirs/  those  in  Ihe  upstream  reoches,  would  hove 
more  limited  utility  for  recreation.  All  would  be  relatively  distant  from  the  primoty 
seufoe  of  demand  in  the  St.  Louis  area.  They  could  probably  take  core  of  toeol 
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dmiand,  however,  and  a number  of  the  smaller  retervoln  might  be  utilized  for 
this  purpose  if  a large  reservoir  were  built  very  close  to  St.  Louis.  Several  types 
are  possible.  One  would  be  a debris  or  sediment  dam  on  one  of  the  muddier 
rivers  such  as  the  Bourbeuse  or  Dry  Fork.  Its  purpose  would  be  to  intercept  sediment 
to  prevent  it  from  flowing  into  the  river  and/or  reservoirs  downstream.  Becouse 
the  reservoir  would  remain  filled  with  water  at  a fairly  constant  level,  it  would 
receive  some  recreational  use.  However,  because  of  the  distance  from  popula- 
tion centers  and  because  of  the  muddiness  of  the  water,  this  recreation  use  may  not 
be  large.  Another  type  of  reservoir  might  be  built  for  purposes  of  low  flow  aug- 
mentation on  the  Huzzah  or  Courtois  — to  maintain  the  streams  at  floatable 
leveis  for  longer  periods.  These  reservoirs  could  be  used  for  recreation  during 
the  spring  and  early  summer.  At  other  times  the  reservoir  would  most  likely  be 
dry.  Distonce  from  potential  users  would  also  be  a handicap  in  the  recreationoi 
use  of  this  type  of  reservoir. 

Summoiy 

The  best  location  for  reservoirs  in  the  Meramec  Basin  in  tenns  of  usefulness 
for  recreotion  is  the  lower  Meramec  River  or  the  lower  Big  River.  The  second  most 
desirable  location  is  the  Meramec  River  above  its  confluence  with  the  Bourbeuse 
River.  Reservoim  in  this  area  would  be  useful  for  recreation,  but  would  suffer 
from  being  considefabiy  less  accessible  to  the  St.  Louis  market  than  the  lower 
basin  group. 

Depending  on  the  locotion  of  o mofor  reservoir,  o few  smaller  tributary 
reservoirs  might  be  found  useful  to  supplement  the  supply  of  recreationoi  facilities. 
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APPENDIX  D 

SAMPLE  COTTAGE  SITE  LEASE 
(Us«d  by  fh«  Mutlclngum  Cons«rvoncy  District) 


TO  HAVE  AND  TO  HOLD  nld  pranlaM  unto  tho  Lwsoi  for  tho  term  of  ono  (1)  yeor  from  tho doy 

al  19 unlctt  toonor  temlnated  as  provided  herein,  together  with  the  right  of  access 

t®  *•••  woteea  of Reaervoir  at  an  approved  point  and  to  use  said  umtera  lor 

llaMac,  boattag,  skathic  and  other  approved  sports,  In  aocordance  with  the  rules  and  regulations  of  the  District  and  the 
DIvWoa  of  Wildlife  and  the  right  to  construct  an  aivroved  boat  dock  at  the  said  point  of  access,  and  upon  the  paynant  of  all 
admission  and  licenae  free,  the  right  to  place  not  more  than  two  (2)  boats  on  said  waters  at  said  point  for  the  use  of 
hfaneslf.  memhsrs  of  his  family  and  his  guests;  subject,  however,  to  the  following: 

(1)  Any  flood  easement  that  may  have  been  or  that  may  hereafter  be  conveyed  by  the  District  to  the 
Unitad  States  of  America; 

(3)  An  Agreement  of  Lease  between  the  District  and  the  SUte  of  Ohio  dated  September  5, 19S8,  for  a pariod  com- 
mencing July  1, 1981  and  ending  June  30, 1988,  with  option  of  renewal. 

This  lease  and  the  righU  of  the  Leasee  harsunder  shaU  also  be  subject  to  aU  future  modifications, 
renewals  and/or  extensions  of  said  agrsemsnt  of  laass  between  the  District  and  the  State  of  Ohio, 
upon  dw  same  or  modified  terns,  as  well  as  any  hiture  agreement  or  agreements  replacing  said 

esiating  agreement  of  lease,  and  Leaaee  by  acceptance  ci  this  lease  covenants  and  agrees 

not  to  prevent  or  interfrre  with  puUlc  use  of  areas  designated  for  public  use  in  said  agreement  of 
lease  and  any  present  or  future  modifleationa,  extensions  or  renewals  thereof,  or  future  agreement  or 
agreements  replacing  said  agreement  <tf  lease. 

(S)  AH  csisttng  oil  and  gas  leases  and  utility  rights^>f-way  thereunto  pertaining; 

(4)  The  right  of  the  District  and,  or  the  United  States  to  maintain  and  operate  the 

Dam  and  Rasenroir  in  accordance  with  the  Official  PMn  of  the  District,  said  District  and  the  United 
States  not  to  be  liable  for  damages  of  any  kind  to  the  property  of  the  Leiuee  located  upon  said  premises 
or  used  in  connection  with  the  rights  granted  under  this  lease  resulting  from  the  operation  of  said  Dam 
and  Reservoir  or  from  any  other  structure  owned,  constructed,  operated  or  maintained  by  said  District 
or  the  Unitad  States, 

YMding  and  paying  therefor  during  said  term,  at  the  office  of  the  District,  an  annual  rental  of 


....Dollars  ($. ),  in payments  to  be  made  as  follows: 


Any  such  rentals,  or  installments  thereof,  that  are  due  and  uni>aid  shall  bear  interest  at  the  rate  of  four  (4)  per  cent 
par  annum  until  paid,  and  such  rentals  including  interest,  shall  be  a lien  on  any  structures  or  other  property  of  the 
LoasoA  locatod  on  said  premisaa  until  such  rentals  and  interest  have  been  paid. 

n.  The  Lasses  hereby  covenants  with  the  District  as  follows: 

(1)  To  pay  the  rent  reserved  on  the  days  and  in  the  manner  aforesaid. 

(3)  To  save  the  District  free  and  harmless  from  the  payment  of  any  taxes  levied  on  said  premises  that  are  based 
® fk*  vahtatioa  for  the  premises  in  excess  of  the  tax  valuation  at  the  time  of  the  execution  of  this  lease  and  any 
tanas  or  aasaasmsots  levied  against  said  premises  because  of  change  in  use  from  the  uses  prior  to  this  lease,  to  the 
naaa  provided  for  in  this  laaae,  or  because  of  any  ImprovemenU  erected  thereon. 

(8)  That  ualaas  he  notifiaa  the  District  in  writing  not  lew  than  thirty  (30)  days  prior  to  the  expiration  of  this 
or  the  aspiration  of  any  yearly  renewal  and  extension  to  it,  he  shall  be  deemed  to  have  exercised  the  option 
granted  by  tho  Diairict  under  tethm  (3)  of  Us  agroementa  to  have  the  lease  renewed  and  extended  tor  a period  of  one 
(1)  yaar. 


<4)  Ts  uaa  aaid  praadaas  oelely  for  roaidontlal  and  recreational  purposes  tor  himself,  the  members  of  his  family 
and  Ma  ffoata,  and  not  to  uaa  said  promises  far  business  purposes  of  any  character  whatsoever:  and  not  to  harbor  any 
W®mnh  an  said  pramliss  wUhout  the  written  oonaant  of  the  District 


(8>  Ni4  to  naa  or  pormit  tha  uaa  of  said  promioas,  or  aiqr  rights  granted  under  this  lease,  in  connection  with  or 
of  any  lands  not  owned  by  the  District. 


far  all  buHdtags,  imwov«>Mnts,  alteratioas,  docka  and  other  structures, 
before  they  are  oonstmetad,  whieh  plana  shall  include  the  color 
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(7)  To  keep  nld  bulldingi,  improvemento  and  itnicturee  free  from  ell  lieni,  cbergee  and  encumbrancea,  except 
tuch  aa  may  be  tint  approved  by  tbe  Board  of  Dlrectora  In  writing  and  to  bear,  pay  and  diaebarge  all  taxaa  which  may 
be  levied  againat  the  aame,  and  aave  the  Diatrkt  agalnat  any  auch  liens,  chargee,  encumbrancea  and  taxaa. 

(8)  To  conatruct  or  place  no  cottage  or  dwelling  house  on  said  premises  costing  leas  than Dollars 

- — and  to  maintain  not  more  than  one  (1)  such  cottage  or  dwelling  thereon,  nor  more  than  one  (1) 

one^ar  or  two-car  garage. 


(•)  To  erect  no  buildings  below  elevation feet  above  sea  levri. 

(10)  To  keep  all  buildings  and  other  structures  on  said  premises  in  a satisfactory  condition  of  repair  and  appear- 
ance, To  make  no  alteration  in  the  external  elevation  or  architectural  design  of  the  buildings  on  the  demited  premises, 
or  injure  or  remove  any  of  the  principal  walls  or  timbers  thereof,  without  the  consent  in  writing  of  the  Board. 

(11)  To  permit  the  District,  its  agents,  and  its  tenants  having  leases  with  the  District  similar  to  this  lease,  to  use 
the  right-of-way  for  ingress  and  egress  granted  herein.  To  repair  any  and  all  damages  caused  by  him,  or  other  parties 
using  said  premises  under  this  lease,  to  any  roadways  on  said  right-of-way,  it  being  understood  that  the  Lessee  shall 
have  tbe  right  to  enter  into  agreements  with  other  leaseholders  for  the  construction  and  maintenance  of  such  roadways. 
Not  to  require  the  District  to  maintain  roadways  on  said  right-of-way,  provided  the  District  shall  repair  any  and  all 
damagea  caused  to  said  roadways  from  the  use  of  said  right-of-way  by  its  agents. 

(U)  To  keep  without  expense  to  the  District,  said  premises  in  a clean,  sanitary  and  presentable  condition,  and 
by  approved  methods  remove  from  District  property  or  destroy  all  waste,  refuM,  garbage  and  debris  resulting  from  the 
use  of  said  premises  and  the  rights  granted  herein.  To  do  or  permit  not^g  to  be  done  which  may  in  any  way  pollute 
the  waters  of  tbe  District,  and  to  meet,  comply  with  and  abide  by  the  rules  and  regulations  of  the  State  Board  of  Healtb 
with  respect  to  sanitation  as  far  as  they  are  applicable  to  said  premises,  lands  and  waters  of  the  District 

(18)  Not  to  use  said  premises  for  any  illegal  or  Immoral  purposes,  not  to  commit  any  disorderly,  boisterous  or 
indecent  act  on  lands  or  waters  oamed  or  contrtilad  by  the  District;  not  to  permit  or  suffer  any  nuisanoe  on  said 
premises  nor  permit  said  premises  to  be  used  in  any  way  or  for  any  purpose  that  might  endanger  the  health  or  un- 
reasonably disturb  the  peace  or  quiet  of  persons  occupying  other  lands  of  the  District;  not  to  do  any  act  or  thing  to 
encourage  tbe  excessive  use  of  intoxicating  drugs,  liquor  or  beer  on  any  lands  owned  or  controlled  by  the  District,  and 
not  to  permit  any  intoxicated  person  to  enter  or  remain  on  said  premises. 

(14)  To  observe  at  all  times  and  comply  with  and  cause  the  members  of  his  family  and  his  guests  to  observe  and 
comply  with  all  laws,  ordinances,  rules  and  regulations  in  any  manner  affecting  his  operations  under  this  lease,  and 
protect  the  District  againat  any  claim  or  liability  arising  from  or  based  upon  the  violation  of  any  such  law,  ordinance, 
rule  «r  regulation  whether  by  himstif  or  members  of  hia  family  or  his  guests. 

(15)  Not  to  cut,  shoot  at,  bark  or  otherwise  damage  or  destroy  any  standing  tress  of  any  sise  «r  ahruba  on  District 
lands,  except  by  permission  of  the  Engineer,  and  to  do  nothing  upon  the  lands  and  waters  owned  or  controlled  by  the 
District  ttat  mar  the  natural  beauty  of  the  same.  Not  to  destroy  or  in  any  manner  interfere  with  nasts  and 
other  habitat  of  birds. 

(18)  To  Uko  special  precaution  with  respect  to  fires  by  not  carelessly  dropping  or  throwing  about  burning  matches, 
hot  ashes,  smoking  materials,  or  any  inflammables;  not  to  build  on  Dis^jet  land  any  bonfires,  or  other  tires  except  by 
permission  of  Division  of  Forestry,  SUte  of  Ohio;  and  to  construct  and  mainUin  all  chimneys,  fireplacas  and  other  fire 
containers  so  es  to  minimise  danger  of  such  firee  from  sparks. 

(17)  To  permit  the  District  to  use  e right-of-way  along  the  rear  line  of  said  premises  and  three  feet  therefrom 
for  the  purpose  of  erecting  or  laying  elaetrie  light  or  telephone  pole  linos  and  conduits,  and  water  lines,  with  the  right 
to  go  upon  said  right-of-way  for  the  purpose  of  erecting,  maintaining,  repairing,  and  removing  said  lines,  with  the  under- 
standing that  said  right-of-way  must  be  so  used  as  to  interfere  as  little  as  possible  with  the  use  of  the  premlaes  by  the 

(18)  To  permit  the  District  to  eater  said  promisee  and  summarily  abate  and  remove  any  erection,  thing  or  con- 
dition that  may  be  or  exisu  therami,  contrary  to  the  intent  and  meaning  of  the  proviaiMW  of  fide  laoeob  and  H shall  not, 
by  raeeon  thereof,  be  deemed  guilty  of  any  manner  of  tAspasa  for  such  entry,  abatement  or  removaL  If  the  Leasee 
shall  fail  to  maintain  buildings  and  other  structures  or  repair  damagss  in  accordance  with  the  provisions  ef  this  lease, 
and  upon  notieo  ef  such  failure  given  by  the  Board  shall  not  provide  satisfactory  maintenance  and  rapaits  srithln  (88) 
days  after  ddivery  of  such  notice,  than  the  District  may  eitbar  cauae  such  materials  to  be  furaUmd  and  arark  to  be 
done  as  aaay  be  necemary  to  provide  such  satisfactory  maintenance  and  repairs,  and  the  entire  cost  thereef;  including 
a proper  propertioo  of  administrativa  and  overhead  anpensas,  shall  be  paid  by  the  l.emen  and  such  coats  shall  be  a 
lien  on  any  structure  er  other  property  of  the  Lasese  located  on  said  pramisas  and  no  buildhiis  or  stiucturee  shall  be 
reaaoved  by  the  Laaaae  under  Section  (8)  of  the  Distriefs  agreanMnta  until  such  coete  have  been  paid,  or  the  Diatrict 
may  preresd  as  provided  under  Part  TV  herein,  at  the  atection  of  tha  Board. 

(18)  Th  be  rseponalble  for  the  acta  of  any  at  the  membara  of  his  taaally,  hie  guests,  or  other  psraena  occupying 
saM  pramiioa  er  ualat  the  same  or  any  of  the  ri^ta  granted  under  this  Iraask  and  the  violatiam  of  any  of  tha  provifions 
of  this  leaoa  by  any  sush  paraons  daring  such  occupancy  cr  uea  shall  be  conaidered  the  same  aa  though  vioMod  by  the 
Lmm  IdMilf  mi4  MA|r  W ouit  for  Ito  cobcoIMIob  of  tkig  lotoo. 
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(23)  To  promptly  report  to  the  proper  officers  all  violations  of  law  and  the  rules  and  regulations  of  the  District 
and  the  Division  of  Naiiiral  Resources. 

(21)  Not  to  assign,  transfer,  sublet  or  dherwise  dispose  of  this  lease  or  any  part  thereof,  without  the  previous  cor 
sent  of  the  Board,  in  writiRg. 

(22)  To  yield  up  the  demised  premises  at  the  termination  of  this  lease,  or  any  renewal  thereof,  in  as  good  order 
and  condition  as  the  same  now  are  or  may  be  put  by  the  District,  reasonable  use  end  wear  and  damage  by  firt  and 
other  unavoidable  casualties  excepted. 

III.  And  the  District  hereby  covenants  with  the  Lessee  as  follows: 

(1)  That  the  Lessee  paying  the  rent  hereby  reserved  and  observing  and  performing  the  several  covenants  and 
stipulations  herein  on  its  part  contained,  .shjll  peaceably  hold  and  enjoy  the  demised  p'^emiscs  during  the  said  term 
without  any  interruption  by  the  District  or  any  person  rightfully  claiming  under  it,  except  as  hereinbefore  provided. 

(2)  That  the  Leasee  shall  have  the  right  and  option  to  have  this  lease  renewed  and  extended  from  year  to  year 
for  i^riods  of  one  (1)  year  until  a date  fourteen  (14)  years  from  the  beginning  of  this  lease,  and  the  Lessee  shall  have 
the  first  preferential  right  and  option  to  enter  into  a new  lease  agreement  at  the  expiration  of  the  14-year  period, 
whi^  new  lease  shall  be  similar  in  nature  and  form,  but  with  such  revision  of  rentals,  terms  end  other  condition.s  as 
the  Bosrd  may  derm  necessary;  and  the  ^ssee  dial!  have  the  right  to  similarly  enter  into  a new  lease  sgreement  at 

each  suteequent  14-year  period,  provided  that  in  all  cases  all  of  the  covenants  and  agreements  of  the  Lessee 
shall  have  been  fuliy  performed  as  herein  stipulated,  and  provided  further  that  this  lease  will  not  be  renewed  heyond  a 
date  five  (5)  years  from  the  beginning  of  this  lease,  unless  at  the  end  of  the  five  (5)  years  the  Lessee  shall  have  erected 
and  is  maintaining  an  approved  cottage  or  dwelling  house  on  the  premises  with  a cost  as  provided  herein. 

(3)  In  event  this  leas*,  by  exercise  of  the  option  for  year  to  year  renewal  hereinbefore  provided,  continues  in 
effect  for  more  thsui  seven  (7)  years,  the  yearly  rental  for  the  years  subsequent  to  the  seventh  year  shall  be  subject 
la  adjustm'nt  and  change  as  herein  provided.  In  determining  whether  a change  shall  be  made  in  the  annual  rental  at 
the  wd  of  the  first  s~vsn  years,  the  ‘'Index  of  Change  in  Prices  of  Goods  and  Services  Purchased  by  Citv-Wage  Earner 
and  ClericsI-Workcr  Families  to  Maintain  Their  Level  of  Living”  issued  monthly  by  the  II.  S.  Bureau  of  Labor  Statistics, 
which  index  is  commonly  called  the  “RevUed  Consumers  Price  Index”  or  “BLS  Cost-of-Living  Index",  shall  be  used 

at  a standard.  If  the  said  index  figure  for  the  month  of  January  shows  either  a rise  or  fall  from  the  index 

January  the  annual  rental  payable  under  the  terms  of  this  lease  for  the  years  be- 

ginning with  the  eighth  year  the  lea.^  is  in  effect  shall  be  correspondingly  increased  or  decreased  to  the  nearest  dollar 

figure  by  the  percentage  difference  representing  the  increase  or  decrease  of  the  January 

pared  to  the  January figure.  In  event  such  presently  is.sued  monthly  index  should  be  discontinued  or  a new 

or  revUed  one  subsUtuted  therefor  by  the  Bureau  of  Labor  SUtiatiea  or  other  agency  of  the  United  SUtes,  such  new  or 
revised  m other  sinu'tr  index  as  Ls  generally  accepted  as  a subatitute  shall  be  used  for  the  purpose  of  computations 
lease,  with  such  conversion  factor  or  other  device  as  shall  be  generally  recognised  and  adopted  In  connec- 
tion with  eontracta  baaed  on  such  index. 

buildings  erected  by  the  Lessee  on  said  premises  shall  be  the  property  of  the  Leasee,  except  as 
herein  vovided,  and  may  be  removed  by  him,  provided  all  moneys  due  or  to  become  due  under  the  terms  of  this  agree- 

••*****••}'•  provided  also  that  all  liens  placed  upon  the  property  covered  by  this  lease,  including  said 

buildmiP,  to  the  art  or  default  of  the  Lessee  shall  have  been  satMied  whether  such  liens  have  been  made  with  the 
approval  os  the  Ust^t  or  otherwise;  provided  also  that  said  buildinga  are  removed  within  thirty  (SO)  days  after  the 
teimiiiation  or  this  lease  for  any  cauM;  provided  also  that  the  removal  is  done  in  an  approved  manner  tut  will  not 

***^  **  ****  District  and  will  leave  the  premiaes  in  a neat  and  orderly  condition;  and  provided 

fttrtlw  that  saM  bui  dings  are  remov^  the  Lessee  shall  furnish  surety  bond  in  such  form  and  In  such  amount 

as  will  be  satisfactory  to  the  Board  conditioned  upon  the  removal  being  made  in  a satisfactory  manur. 

(5)  All  cottagr  rile  leases  sre  subject  to  the  same  general  restrictions  and  reservations  contained  in  this  lease. 

IV.  Pn^ed,  always,  and  these  presenta  are  upon  this  condition,  that  if  the  rent  reserved  or  any  port  thereof 

abal^  unp^  or  If  at  Uiy  tUM  my  of  the  covmnts  and  agreementa  on  the  Lessee  s pert  herein  contained  shaU  not 
be  penormed  or  observed,  the  Board  shall  have  full  right  to  demand  immediate  payment  in  full  of  all  payments  due 
Of  to  baepme  due  t^er  Uie  terms  of  this  lease,  and  aUU  have  fuU  right  to  use  every  remedy  provided  tor  In  this  agree- 
’"J*}  *7  to  collect  such  payments,  and  this  lease  agreement  sliall  become  void  to  all  intents  and  purposes 

^ malUng  to  the  Leaaee  thirty  (20)  days’  written  notice  thereot  and  from 
Ihcyeforth  all  title  ud  Intei^  of  tjic  Lemec  in  the  premisea  described  shali  termiute  and  cease  and  ahall  revert 
to  the  Diatrlrt.  with  the  full  right  to  re-enter  upon  said  premites,  take  and  posasas  the  same,  together  with  all  buildings 

IV.  PnvMsd,  always,  and  these  pmsnts  are  upon  this  condition,  that  if  the  rent  reserved  or  any  pw  thereof  ahal! 
t*  fr*  myid,  or  it  at  any  time  any  ed  the  covenants  and  agrocmenta  on  tha  Laaaee’a  part  herein  contained  ahall  not  be 
pernnned  or  oheerved,  the  Board  shall  Uvo  hill  right  to  damand  tnunedtate  payment  in  full  of  all  payments  dua  or  to  be- 
cooM  dot  under  the  terms  of  this  lease,  and  shall  hnve  fUU  right  to  use  every  remedy  provided  lor  in  this  agraemani  and  at 
W coUaet  such  payments,  <ind  this  lease  sgriinMni  shall  become  void  to  all  intents  and  purposes  whatsoever  at  the 
oroKvm  of  the  Board,  by  mailing  to  the  Lessee  tldity  (30)  days'  writien  notice  thereof,  and  from  thenceforth  all  right, 
Interett  of  the  Igmtt  in  the  premiaet  daoeritid  ahall  termiute  and  cease  and  sUll  revert  to  the  District,  witli  the 
ftill  to  re-enter  upon  said  premi^  take  and  poMem  the  same,  togrther  with  all  buiMinga  and  impenvements  thereon 

••  frtMfhied  hendn.  in  the  same  lunnar  at  K thto  Icaae  had  never  been  ameuted.  Failure  by  the  District  to  enforct 
fy  to®*i***<»  0*  this  laaat  toaU  la  no  evwt  be  dismsd  a waiver  of  the  right  to  do  so  theieafter,  or  to  i.ave  this 
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